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md meooAarf yliiMs la th« trtnk of £iUUaltt9A ftf^^l^nay 
for throo eoRMietttlTt o«I«B4«r ym ( 197«*1978 ) vite « 
o^jootivt to olMwrvo tho Miovioiv of Hio rmwavJLMf mmhivm^ 
tht fonaUoa of its aorlvatifo tloioof i,o»| xjriis m^ 
phlooB vitii rotpoot to sooiOBfti and ago of foot* Iho rosttlts 
«ro tuMutrisod btloin 
Iho voiOQiatr o«itol«i dlaplart o aoiittrotif lod otrtietwo 
in all liio thfoo tpoelot* It fonit o oontianoitt ofllador 
«Bd oQBSlstt of tntifmrn «id rajr initials, Iho fnoifora 
initials r»3Ff la longti!! J^ <» 840*770/00 in ^ ^itg^os^ 
220»«3/iiB la $0 aAgaiata and 36i*U69/tn la J|» JulttliBi* 
Sio fttsifom laitialt at* gonoralljr anltiaiioloato lad Kavo 
t^ ito 4 autloi la £• gltylana and 6 la J* aaaiylAtA and 
J« JjftlaAABi* ^^ lonfth of ftiaiforo laitialt ia iaflnaaood 
hy aoasonal Tariatioe as noil as Ig^  tito ago of tlio troo* 
fhoir sow loBfth shovs a dlsoot rolatimsliip vitb ^o grovtog 
ago of tho trmk, fiio ?ato bolag high ia f«mt shoots sad 
lov in oldor oaos, Ihis iaofoaso ia longth goos tyto 6^  
^ fio i^f?%qpt 29% iR i/t f^aiyiftf sad SSI in JE^, imMJOM^ 
Bi« ray Ja i tU l t salt lpir to M « « M m^m In auBbtr 
«• tli« trtBk frowt old^r aii4 wUmT» ir«v var i a i t l a l t ur lM 
•ltti«7 froa •& apltally «iit e«ll or froa * U W r a l • • I I 
«ut off tiio ti4kt or by tlio tnofvorto topmiUtlOQ of o 
wiioXo or o f t r t of tlui foolfoni lalUols* Hio rayo teeono 
brood a&d toU «• Iho irmk goto old «id v i i i , and ^ o 
ray Init ials t tar t ooei^finf roUtivoly largo aroa i:& tho 
oambial SOBO* 
2ho wood i t difftaao i^ orous la a l l tSio throo ffooSoB* 
nio raya aro hotorogmoaa la £, aitylaaa aad £• JullSliBif 
hoaogoBoat in j ^ m i l f t l ^ md vary In hoiglit aad vidtli froa 
1*75 n d |p i oolla roipootiiroly la tiio difforoat tj^ooios* 
^an l«Kgtb of xylOB voaaala and Hioir 9^« also 
gradually laeroaaaa with tho Inoroaal&g g i r ^ of tlio troo 
axis, Iboir irariatioa rmgos froa ll3*iB8/iia ia gf» lUslflytti 
i;g$*7»t/iaB in j|« lifiiiAlft and 261«»M2/ai In |U JiiltttlMtt ^ 
rolatiOB to soason* 
aio aoan loagtb of jqrloa fibros also shovs a positivo 
Ineroaso vith tho i^owlag sixo of tho tna^ and rangos froa 
480*S86/t«i in £, aity^a^, d0l-996/in in j^ • ^ a l f t n and 
7fi8.l370/w la g, JMl^aa&A In difforaat ago groi^ tt—t *«% 
thoy do hot show groator dIaMsiooal Tariation in rolatlaa to 
M 
f roa S60»472/tta in £^ ttitriaiai,. a38^fi|/tt» ia 1» lifiSlil l^ 
•aa froM sm-iao/vm In ^ JialtSltta • * * r * t» l t of soMooal 
iiin.o«iiet« 
%• titrK «i otuaX eoBtitta of throo diotJnot I O B M 
vls#| eonAueti&g phlooR, aoaoflndttotiai phlota gad fli]rtl4«M 
^n $1^  o i t f i aM tad £» JUgUlUiyk oad not In j|» jiftffllf^ i& 
i^ieh ftijtiaoBt aeotwiilatlon i t eiily aoaSaAl «• ^ o ptridora 
p««lt off ttrorjr yoar* 
3li« tl«?o • tubo a«ib«rt potMtt oo«ipoai4 tiovo pl«t«s 
OB tholr obll^at oad VA I IS ia « I 1 t^o ttatm tpooios* Hhwy 
•ai7 ia loagte froa I14*«58/itti in £• fiHaelaitlt 190*9(^/w in 
§# a^oijlifrtf and 247«»943/iia la ^ tillrtlina ^or o^oo f^ 
about 30)( traasoetloiiAi aroa ia £• fti^iaagy S&$ ia J» 
tiaettlata and 27% l a | , i i l lASlaaft* 
tUt aaaa iMigtli as noil aa tlia ataa vUHi of 
aieva • tabo aaabtra laeroasas wltb tbo iaeyoaalag ataa 
elroiiafaraaaa altiaataljr laadlac to a eanataaay* la a l l tbo 
thrao apttelta, tba ais« avaraga 6i alava • taba aaabora 
daeraatoa aaar tha t^otnd laval* 
tha phloea t i w ara dlatribotad ^roagliottt tha 
8«eoadarr i^loan la ahayaetoriatio pattoma* Ihor trov 
introaivaly W both aada and attala a iaagth of aboat Ud to 
£•3 tiaaa ovar tha laagl^ of thair roapootiva oaablal 
ialtlaXa la tha apaolaa lairaatlgatad. 
fh« phiwa rays ••17 in ^th Qandiietlng M v«ll as 
naoeandiieting piilosio In height and width ia all the HiV 
ap«ei«s. Xhay vary in haiglit tram X»38 ealls In j;^ eitflnuay 
1*29 ««Us la 1^ ^ealataf 1^66 0« l l s in ! • I^bolaaa and 
from 1^ 6 oalls in width* 
3ha aet ivi^ of vascttlar eanbiiMi initiatas at diffartat 
tinas in diffarant apaeias. SwaUiag of tba eaoibia]. ealla 
ooeura in the first woak of July in £* aitrinaa^ In tha first 
waak of August in £• i^^ eaiata and in tha third or fourth 
waak of Hay in g, Jlll£22jBi» ^« eal>^  divisian oeeurs in 
tha last woak of July in £• eitrinnsy aaeoad woak of August 
^ ^ aaftnlatit and first waak of Juna in J|» ^Mttflifll-
Iha eaahiust baeoiaaa doraant in Oetoliary Rovaabar «ad 
Maroh raspaetivaly in £• aitrinucy g, MtUM^ a&A £» iayt^iana. 
%a total aaomt of xylaa produead during a aalandar yaar 
eonas about 400»430/UB in £• aitrJnus^ 1700-2200/UB in !• 
iiSalAlft -ad 960.XO00/o« in J, JiMlHaaBA to tha diffarant 
yaars of invastigation. In all ^a thraa aaaas, ^a sylan 
foraatioo praoadas taat of phloa«« 
tbm phloaa forsation takas plaea in Octobar in £»fillL^ 
imt and in Oetobar*Rova&bar in ^ Jil&S^ Ltt& ^ ^ Xovonbar*Oaean-
^Tt in £^  aaenlat^. iha praeursor phloan forauition takaa plaoa 
to £• eityjnus and £» fi|ff^ ho|f|^ ft in May and April raspaetiiraly 
u 
•ad not in 1* f f tjiat^ 1h* p?«e«rtor phlMs Tcaftiaa 
fmetional for about six Bont^i in £• attyiam ani J . 
^ Ml W a i l litill* tho eammt x««r* t ^ I O M I roMtiikt 
fmoUonal for ftbont 8 aontlis In £• aityinnay 6 soa^i 
^ S» 1—*»oi«n* tad for obottt U. BOiitlif in S^ m i l i t i 
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C H E C f f l D * ^ 
T3052 
diofy te to l i s m9 «r««%*d « l l UMI MXtudL 9«irt 
of th%% ubi^ %h« ottrm gtoMitii tBd of IHMOOlviOf 
•114 of Hial ifli i^ HM^ Imoir aotS 
4 toliott wto l^OB is aiilit* iit t t r l^ i t of Mm AOTI 
0114 lol tttnf ofo io 4«i^ caota* 
Ao4 Hio SOB itiMiotli 00 oQto « footlof^plooo fov iils* 
Shot i t 1^ 0 iMioinrioi 9i tlio i^ili^y Hio wioo* 
And for 1 ^ KOOQ m hvm i^^olatod soooioftt 
t i l l ibo roti»isi llleo m old ilitivollod pol»»lo«r« 
I t i t aot f«r «lio too to ovortadco ^to 
aor do^ t ^ a i # t oott^if Hio iay« 
Ihojr floftt oteh la oa orbit. 
AEfQQiJdi 
( Ik • Sla>. 
C«rtifiti mat «!• ttMflj •ntitlffi •B%Ui09 
S/muSm mmmtiA i^ri maeriM4 out w ^ r ar mq f^* 
w%9im W ^•« ^i^oai &«i« So pmft of tbl* wott 
Haa ofot M^D •ateittoA fw tSio «f«r« of anr o^iof 
dl^ iOMi or iogroo* 
HOft^ r la BottE^ 
iBiiiilf iiiiW iiHiiiiim lUiiiiiili iimJmtmWmiMmAmmmmmJlmmii 
X !>9w III ^fttituit to ar 4i l i i# i^ M9k ^ « t I f Hit 
gtaet m&A lii0pir«ti« I e&oHA WUk§ ^ i s vovt %d aa «{iA« 
I m l&iftlitoa to ^r* A»&*ii« (iio»Mf atid«r la ^« 
&«pftrtsi»»t of 3<itaii^| for li&i o l^o g»l4«Boo m€ oaoonrofOBMit 
^roQgboat l ^ poriol of tliic ttnir* 
llM dot oolaioirlo4itaoat f w ^o jprovition of oooMtiol 
Iftboratoty and IDHPonr fft«ili.tloi io soAo to Prof* l!,^a*K« 
4frl4if tiio lloi^ of m INi^ or^Mot of ioti^« 
Hio flaiaoloi otfittMioo roniorod Igr l&o Itoiforol^ 
^«ats CemSoiiOBi Hov l^ oUii aiMl tHo Someil of Stlfiitifio 
«ad Xadoot^iol Botooreli* Son &ol&i| i& tlm fom of Jimior 
OB4 Soiiior foioareli l^li^ali%o io ifotofidlr «^0Eioirlo4ti4« 
4 ifotofol iiiteovlodio@«eit is aXoo mudo to i^ » VmM* 
HiiiiO| oiYioioR of MUUiiag ioooi»Nrti| c*a«x«a*a« 4Mil»«iiOf 
1^ 0 ^oipo4 la tiio i4«atif iootion of l^ooljFptttO* 
X offir ar o^frooiotiSB to ay Xa]»Qroto^ eoUoofooo, 
otpoeiolljr ^» ibmA Haooia I^MHI| ^ I * I r i^ao Slagli «aA 
Mr* far i f Otmat Sidiifui for tiMir oooi^iNitioi ilirlag ^o 
eotirso or thX* 9%m$f* 
X Willi to oxfiroaa ar tiuolia to !%« Cbiaaa Hajtalia 
for hia aaaiataaoo la i^oto^raflyri ir* Ala Xaaa Sa t ^ 
proparatiaa of diagrattaatio Ulaamtioaa m^ i^ « Sluu>afat 
t l l l i^ lOiaa f ^ tyylaf oat ^&a piaoo of vofk la ita j^ foaoat 
Xa tlio oad X vi i^ to oiproaa ar tratitada to aai^ 
of wf eXoao rolatifoa aad frioadia aao. la aoao w^ m Uto 
on^rt ^^^ '^^^ ^ *^^ P to ao la aoalavlai Hio foal* 
C%a*) 3ij04E mm. 
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iSXB^OCflOi 
Indian sttb»ecxitla«nt is OTM of ^e rielMtt in ikm 
world in Tr<9le&l Tvt flc^ii wbleh iaelodo a iarso rario^ 
of broad laavad spaeios* Out of this graal lot of Indian 
tropleal traas, only a fav hava ao far baan axplorad with 
raapaot to vaseular eambiutSf Ita atroetura and bahaviour* 
hueh| tbarafora, rasalna to be known aboat tha groiftli 
phanonanoR of Indian tropieal traasi partiouiarlr tha 
bahaviour of Yaseular oacibitM and i t s darivativa tisstias* 
Iba tropleal troas in gonaral exhibit a adntlnnotts 
growth tnlika tho tanparata anas In i^leh tha frowth 
p e^nooanon is sharpljr rbythnio* A najority of tropiaal 
traas grow in t^ultipla fltishas or in an intarmittant 
sannar dua tv» tha prolan gad fsroorabla eliaatie eondltlon 
vhleh pravalls In tha tropical belt* Uta iapaet of soeb 
prolongad shoot growth in a eontinnoas or intaraittant 
nannar is fat to ba stodiad in da tall on th9 radial growth 
aetivltjr of tnasa tropical foras* •»inea tha bahairioiiir of 
eaabiiBs i s ragnlatad by a nusbar of axtamal and intainal 
factors. Including tha haraditary eonstitution, ^ s i o l o g i -
aal phanoetanon and waTironsantal conditions of ^a habitats, 
i t i s iat«r«stiiig to iiiv«stig&t« Vm iiifliiMi«* of iifforont 
pbjrsieal wd eliaatie faetora on 1ti« ^v«l^i«Miit of ea»bitai 
«ad i t s dsrivativt tiisuss* 
4 porussl of jlitorataro m. l&disa M t^ftooao rovsais 
that nothing i s k&oim aUout ^e •aatosioal. ftSi»oets of 
vascular easliita audi i t s pi^i^ts* HM OBI/ spteios so far 
stu4io«l is soma detail i s »siAiif^ gaaiawa |*« in vhi^ eartalB 
fioottliaritias of eantiiai phrsi^ i^ ^gy havs l»Mii attributed 
to th« fruiting habit ol' taa trao hf iQua il3l77)» iCasj^ ing 
in viav the aboi«| tha pres«it studr on tha strueturo snd 
behaviour of ^mseolar easbiisi m^ i t s derivative tissues 
of eertain Mirrtaeeae se^lters has been OKtorta e^a il^  relaUooi 
to various seasonal eonditions of the studjr^site snd age of 
^ e tree, fhe study isalnly eoB|»>ises of the following 
aspeetsi 
l« lormation of vaseular eaabiii^ and i t s derivatives 
ivo* ( phloee and i^lea )» 
*^ Developsiental dianges in the s^motare of oMibius 
and i t s derivatives* 
3, Seasonal (Ganges in ^e structure of oastbiUB and 
i t s derivatives* 
4» Periodieiti" of ea&biUE and ^ e prodneticn of i t s 
derivatives* 
»J 
••l«et«<l ftt rm^Lom for (tetail liif«stii«ti<Kias 
£> ^JtyJatM i t m kmitwXim onuuBwnttl •iftrtrvta 
tf««i eomeOBlr pl^ ntttd l^r#i^aii% t ^ aor^Smtn part 
of tli9 ootBti^, «• la otti«y v«i«tr i«gl<»i of tti* 
world* Ibis tpoelot front mil vfbt^r tlio loeai 
elli^tio oenditiont and attains a Iioigtit of abo«t 
9 a* aad a girHi of abovit iVi m» Hiia i t an 
ostroBtlr Mantlfttl omaoental troo vitit droo^Sai 
brao^iot faring teii^t rod fiowort In Iha fors of 
a ^ t t l o bruali* lU eitrlai^ ^ara a darlc to dai^* 
Wowa Imtk iilili^ is doopljr fissttrod and soalf in 
Batoro* 
1» Baettl,ata is m 4iistraiian ti«bor troo rooontlr 
Introdt^od in India* I t ppovt nail la t ^ plaino 
and attain a Iw i^ t of alioat 40«4S a* vi1% a girth 
of Ii30 ^ * I t i t a boantifai ovorpo«i r^oo witt 
sBOotti gror to roddi^ grojr hvtk fooling oat in 
patolrat* iting hii^lf ^maaantaii i t i t ^tnonlf 
foead in pai^t and gar^ kuEit throai^ont tiio Oaagotio 
plain* 
4 
3* ^aamim J^te^^ita LMB* 
In&im origin f^tai lterot2|liQf»t t]M ttt^omtlemt, 
2% is oititiirftl«a hoiik t&t i t t frttit «• I M U M for 
•bad* giving erown e» ^c hii^ ifaart* 21 is slco 
foBBi viid thrdoghottt ^« vanttr ftgioo ^Hi m 
th9 tiills mdi in lSi» plmlav* I t grows to « lioighl 
of |g*2D !&• v i ^ a girtti of D^ ott« tJlidor Itio 
ioeal ecmdlticais i t grovs wsU itad i t is oftta 
eultiv&tod for its ediHo fruits vh i^ sro toimm 
for ^ftir aodielaai i>r<^rti«s In Hio iadii^noiis 
systoe of »«diol«s» Bsing a vsrir usoful formi 
tiottk as an ornaffisntal and a fruit troOf £» -^flM^Mtj 
is a cosasti trta of l^ e ragioiu I t has a mti^ 
l>rime!Md erookad trimk v i ^ a ttiiole iMtrt of gr«r 
eol<»irt teeing shaXIov daprossions eattsod %7 
•xfoliatioa* 
aS01,AF.iIC*4. ^^ f-OP' 
^digftrn dis^iet Is loeattd in the fiortlsMtt of 
Ottar frm^Bh in a f«rUl« afrieitltural wm of tli« 
and 77*H9*£^  and 7S«38*i: langltVKte* 1% i s stirroiiidad tjgr 
tha Tiv9T Sanga on t ^ nor^aast find \3f lamma on tte 
northwast* Iha siaximira braadtb la aasUmst dlraetioo 
iMtvaan Clariga and lamuna aaar Vtm northain i^^^r la 
about 70 ailes wid tiia smiUsuQ laagUi froe Qortii to south 
i s about 4S silos* 
Physiographieailsr m& aroa eoBSists of a vast 
allQTial plain having a gaiitla stop^ fros nmtk to south 
and southaa8t« Hia h i ^ s t point on tha stsrfaea i s about 
640* abova tha saa ieval In ^a northwast of tha district 
i^ila on tha sou^arn b$»*dar tha alairation is about 322** 
fha whola district pfosttats m. alsost iavoUad ^paaranea 
and i s raeiarkabljr hoaaoganous in diaraetar* It fores a 
part of tha Cknga plain uttioh i s a daprassion batwaMi 
tha Hi&alayas in tha north and ^a oaeean Flataau in ^la 
south* It has baan filled wit^ alluvius broc^t doim txy 
the tliffialayan rivars* 
o 
typ§ of ella«t» wltSi i t s cliar«ol»?l.ttle MAfoaaX rtiytNi 
eiarie«d by the iior^«att m4 sou^watt sanfMns* tim jtar 
i s <iiviil«d into tva M&soiit TIS*! iriiit«r irad twiMr* 
j^r th« •&(! of ^toberi to* toutiiMtt aontaoa 
eospUtoly eoatos and by th« tad of Sovtsbtrf tho diftriet 
eoisos UBdor tho grip of a high prosaor* btlt whieli dtfolopt 
0T»r nor^ India owing to low tMtporattirot. In thii ttaaoo 
ralativaly low prottara aieitts ovar tha Indian Uoaan and 
oausas tha vinds to blov froa tha Imd lotrarda ttia aaa* 
Tha baginning of wintar vtathar i t aarkad by a aonaidarabla 
fal l in taaparatnra* fha cMan acntlily taaparatura falla 
fron e2*2*C in HoYasbar to 16«5*C in Daaaftbtr* Tha 
taaparatufc showa a furthar fall in January ahan tba avaraga 
eoaaa dovn to I4*8«c ( tabla I )• ^9 dinrnal ranga of 
taaparatura during tha wintar aontht saleaa tba aighta 
eonaidarably eold^ whila tha daya raaain ralatiialy vara* 
Iha pravaillng diraetion of vinds during tha saason i s fron 
wast and nor^wast to aast and soutbaast* Tha winds during 
the saason ara wry l i ^ t uid gaaarally blow at an avaraga 
spaad of two nilaa par hour. Thasa winds ara of eontinsntal 
origin and ara aostly dry, Exaapt for tha snail aaomt of 
l'AM*£ I 
i97@, 1977 m^ 1978. 
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rain Ixrought by the eolri weather stori:^, the seasan i s 
largely rainless* Ihe sky for the :^st part ressins elear* 
llailstoras also saisetl^ies accuapany the cold weathsr 
storiBS and smy cause great injury to the flowering plants • 
A'ith tliese exceptions tliQ weather during the cold 
season is ples^sant but i t ioes not last long* /although 
in iebruary triere Is l i t t l e change in weather e%e«pt for 
an increase in temperature^ yet by tt^m abu ol tlds ronth, 
alfh t!ie northward laovoraent of the sua^ temperature rapidly 
rises and the hot weather "season tkegine ( ^able I j * 
The 3U5r.«r season £>egins in March and eontinnes t i l l 
October* Its beginning i s tsarked by an appreciable rise 
in temperature and decrease in pressure* l^ie »eaa mcRthly 
temperature in ..arch is 22»3*'C. Ihe teoperattare continues 
to r ise in ^^iril ani somtir.es i t reaches u^to 2^ «2'*C« 
The Qonths of ay and June record exeoptlonally high 
tcK^eratures ( Uble X )» ^t days are characterised by 
i n t ^ s e beat as the d&y tes|>erature recwds as high as 
4B*5®C, The air i s quit* dry ani the hualdity fal ls as 
low as 26« C fable 3 )* 
In the suisser iaonths hot dry winds of ere«t veloeitgr 
are of regular occurrence. The Telocity of these winds 
o 
vlnd tp««(l ia About 3«S silos ptr iioar* flMi aonttiijr 
avorag«« bovowry does not giv« a d<»rf««t 1^* #f tlt« 
vvloeltjr atiti spt94 of t^M wind* «s t^jr M« li«l»U to 
groat variationa during l^o M hom9m lor iaataaeoy Wm 
vind is usaally eals duriag tlio ni#it b«t froM S a«ffi* ^ 
1 or s p«m« i t ineroasos r^idXy and diviag tlio iioxt two 
or ^roo hours i t blows alsost v i ^ nm foroa of galo, 
aftor Khich i t fails dom agaia rapidljr ocitil 6 p»E£« «$toB 
i t is l i # t and nearly eale. Itwoo winds aro loeallr 
knowo as *l»iiii** l^Ojr Iwoosio oxtroiMlr dry mk4. h&% and 
blow with ineroasiag foroo t i l l tho a{iproaeli of ^o rains. 
liio husidity is lowost oeeasionally falling to B^ and 
tho totsporatttro amoral rises as ttigh as 34*4»C ( fables 
I and 3 )• 
4 poeuliar pb^o^onaii of the hot weather season is 
the oeeurreuM of dust and thmdtrstoms i^ioh are eaused 
1^ the emveetifo eurrmts* Ihey usually oeour in ^le 
afternoon when tim air mommmt is strangest* fheir 
frequonoy aai sttengtti iaeroase wi^ the adviSK^ of the 
soMion* Ihese dust»st(»ms ate rarely aeeoi^ ianied ^ rains 
and ^iq»ite toe blinding dust tlMiy are weltons Is the 
afternoons and etenings because of an ^preeiable deereaee 
JA tospera^re* the air boeosos eool m€ proHdMs 
te&p^ary relief f^ on ^e tiring heat of t ^ day* 
b 
There is gtMraUjr no riOn dwing th« Mrly tumer 
noDths «ce«pt for th« saAll aaotnt «eo«ipani«d bar thaadedr-
storas* thi9 too i t spoTAdie, •hwt-livod and highly 
•ariahle in i t t asomt ma ineidaoeo ( I*l»l« 2 )• 
On aeeoont of tho oxdoasiiw hoat of th« auBMr oontha 
a lov protsuro aroa davalopa in northv«at«m India and 
i>y th« middle of Jane i t bringt a ooaplete reversal in the 
air noveaant. with the arrival of honid oeeanie currents, 
temperature falls and the air heeosies eool and pleasing. 
Xhe Man aonthly tei&perature falls froa 33*l*C in Jme 
to 29*6*€ in July. Zhe aean relative hoaiditjr inereases 
froB 43«9;^  in Hay to 81.2^ in July ( fable 3 )• the sky 
i s generally overeast in the rainy seassn, the average 
eloud*eover being seven-tsnth in July tihile i t rarely 
exceeds tvo*tent^ during the susner laonths. 
Xhe tine of the onset and retreat of the nonsoon 
varies free year to year. Ihe rains generally set in by 
the ttiddle of June and eoritinue t i l l the end of Septeaber 
or early aetober ( Xable 2 )• During ^ese months i^ligtris 
receives nearly 90^ of the total annual rainfall* 
Xhe BG»thly distribution of rainfall throui^ut the 
season is nat uniforn* Oiually the rainfall starts by 
Biddle of Jmoi reaains steady in July sod august and 
tkJL"] 2 






















































M«aD flMQthXjr r«lfttiv« buinldlty in p«re«Qt«2« during 






















































(i«er«at«t by a«pttabtr» fb« aoatht of Jan* r«e«lv»t an 
aTWftg« r&infall of 72*4 »a for July md Aiigistt ra lnt l l 
aoouitt 331.6 and 3S8.4 w raspaeUvaly. Ilia aaotmt of 
annual rainfal l ganorally rangaa from 7A8*l^« • ! • % 
SaptoBbar thara la a aarkad daeraasa In ra infal l wlian t2ia 
avaraga eoiaca to 113* 1 an* 
th9 withdratMd of aouthvaat aonaooo takaa plaea 
Qsually by tha ^ I r d vaak of Japtaabir. Ealalata Intarvala 
baooaa longar and the ratraat of laooaoon takaa plaoa by a 
sarles of IntarolttaQt raina and dry vaatliar* tflth tha 
raeatalon in tha Mnaoon ^ara la a rwMffkabla f a l l In 
praelpltatlon, Xha waathar dtaring thla parlod la eharaetar-
laad by claar aldaa and low husldlty. tha avara^ rainfal l 
In Ootobar la only 88*03 wa «id ^ a eloiid«^oivar raraly 
9xe99AB ona»tanth» Tha ralatlva hnnidlty In thla aoath 
ooaaa Haova to 47*91 ( labia 3 J* 4a tha alcy elaara and 
tha sun ahinaa, ^ a day tai^>«atiira allghtly rlaaa MhUa 
dua to tha drynaaa of tha air thara la a alight daoraaaa 
i r night tas^araturaa* iy tha and of i>otobar tha hnidd 
eorraiita of tha aouthwaat aonaooa ara r^laead by tha dry 
eootlnuital winda* By and larga^ thla Is a parlod of 
transition fro& vat to dry vaathar* Unally ^ I s phasa 
eontlnuas t i l l tha and of MoYMbar whan tha i ^ l a araa 
eosiaa ttndar tha inflttiiiea of a high praaanra bolt vhleh 
davalops oTar tha vhola ?^ orth India dna to lov taapaf^tara* 
11 
lh9 soil of th9 dif triet i s alkftllno and i t i t 
dmai!»l« into two brottd foologiefti sub-divisioiit i , t» | 
old aod new allfnrial* Ihoso soils differ eooaidorftbly 
in their texture and eonsisteneyy renging froo sands 
through loans and s i l t to heavf elMj that are ill^dreined 
and soroetisei charged with injorioiis salts IOIOMI as *Heh*« 
Ihe drainage in this tr&ot i s poor and in the 
niQRSooa sMDthSf i t suffers froa vatsr-logging. I^e soil 
i s stieky and generally elayey or clayey loaa in teikture* 
CUy contffist is Baxiaun at the top but deereetes with 
depth. It i s greyt ash ^ey or dark gr^ in eoloari 
tending to become black ^mk noist* thm poor drainage 
results in the d^osition of soluble sodioa salts on the 
surface in th® forn of *i^ e}i* t During the period of 
drau^t these tracts give the site of e white salts 
infested land* 
o 
le atudir tht easMal aeMTilir aad prodoeUon of 
s^coMmtf phloeiB, 9S iK»raal. tr«dS of oaeli spoeio* of 
6? years old wort Mlectod fi^it local plantatlcwt. Casual 
sa^laa ^getl^r wi^ mm sapvoo^ S m^ bark of 2 OB SQuaro 
fiz«i v«r« collector fros tlie aaiii trutilcs at elioat lioli^t 
froa tm soiiHiom aldo of Wte larot (iq^proziii^ toljr !•& atlort 
from tho ground) issing a elilfol and hainar at fortnightly 
iQtorvals for a parlor of throt o«:iaaeQtlv» ealaodar 
yoars (I9?6t l^ T7f 1973)* fhrat trots wart uai^ oa oaeh 
turn and no aas^los viere ooUoatod f^oa the taat trao Itaforo 
^rea isoiitha* Cara «aa ti^ kan to eoliaet t^ aaaploa at 
loast 10" avay fro@ tiia ¥Oi»)d«d spot@| ^m the trao was 
used for the sgecmd or thir4 tiso* 
fo atudy tlia ehanges la eaaMitii and i t i darivatifes 
five 60 years old ^eee of eos^aratsle alia Mid vlgoar vero 
saleetad for eaeb ipeeies* 4*9 sai^let of liark with Istaet 
wood w«ape collected as deaeribed atjoioi at dlffMfent height 
levels fro@ the base out of eaeh lixllirld»al* SlsdlMP 
sas^les at eomparable wld^ of t^e toimlc w«re eolleeted 
froa all ^ e seleeted trees as replleates. these eollaetlo»e 
13 
««r« iiiMi« only onett Awfiag th« ttiiSjr j^ l^oft %bt% It in 
IlMlltiM la^ Bftl»fitt9ft« 
AlX t^ tai^lM ver« fistdi in F«4*A» or i s er«f 
111 folutioft ^ tht spot fiBd ««fO Afpir«t«i in t$ui fix«tiY« 
tiy tii« ffit^nodi prescribed &f J^natcn (19401 to rw»ire 1^ « 
«ir, filled in tlie Uesues, in ordir to f««ilil&%e tii« e&ajr 
penetfiitidD oi %tm fixing fluid into llie deep Ijring lisetiet* 
^ 1 aetorisle vere preserved in 70^ etttenol* 
lo itodjf tne grose striaetnre of the different orgioe 
and to follow the eeeeonal end detrel^oxital eli^fee in 
•truetorei ^e setoriele vere settioaed on a eliding sierotoae, 
at a tMelenees of 30«12/nm in treBS¥«ree, tangential 
loQfittidinal vnd radial longittidinal planes. Ihe eeetiona 
vera stained in different eoialiinati^is of stains and 
Bonnted in Canada baljas after deHfdrating in the etiianol 
Series, 
following stains were need alone and in eoshination 
depending <» ttie ptvpose of the stadjrt 
i ) Beidwihains ilae^atoa^lln • iafran^ CJohansen 1M0)» 
'I 
(J9tUBlt«n 10^). 
i l l ) Bmtrmixi * Crystal voiitt • «»r«iig« G 
iv) Isumic «eld * l«rrie ehlorldt • L&eBoid 
CChwsi4i« a i i l , | 1:953) • 
i ) H9id«iihftiiit ^l«eiiit»i^liii. 
l i ) Itonie fteid-Ftrfle e(il97id« ( ¥ost«r WM )• 
In additioas to Hie abov«, ^ fi(|u«diis iodine far tt«f«ii 
(Sass 1953) and 1^  49tra tiiltio fo? metratsd sidv« •lesaatt 
vor« ftlto uftd. 
fo ttody the aorpliolofieal dttailt of tbo individtaal 
oloB^itt of baric aad wood, pioett of tfios v^ro aaoorttod 
ttslQg ttti|ftt:ilt roagoati* 
lor tlie saeoration of sitvo oleja^tti aeloroids and 
phlooei paronehfaai i>ark natorlala voro oat iaio V3in 
ta&g«itial alicot of .5 to 1 isa tliiolcfioaa* fhoto tlieoa 
15 
Wf treated vith &% UmM salatioii »« «5»59*C» the 
tr«ftta«Eit tms oaiitiaQ«d t i l l ^« e«ll.t of tb« •il9«« 
boeaae suffieienUy looto ta AUOW ^ 9 ••parntlott of 
Inditidoal olsBontt on « slid* vitH ft sUglit protsuro 
wh«fi &ppU«d ov»r t&« eQVT slip «ft«r a»mUag In S$ 
glfemtXtk i ^Qsmu sXaX,*^ 1974) • mmn tlio dottrod itAg« 
had b€«& r«ae!i«d« the 8lle9i wtro varii!i«d and atalnod la 
/iStra bloe (2j AQ^ jtottS solatioa) or aqicwoiii laeiwid 
soliiUoQ of 2i itm' sisTd elonents)* in oiiao of phlooB 
fibres and sclaralds th« ai^tarlal vas tr«ati4 wltk aaf^raalii, 
1^0 Mtxdf thQ 39ori»holofie«l detaila of vat tola and 
flbras^ the vmd piecas wart traatad vitli eonaantratad 
•fiO^ iiid potassitin e!ao?at#, foUoviag tha @a^od daaeritiad 
:^ lioiise and Ywi^ (1§?S) aftaf aoma aodlfieatlo&a* Hia 
partially miearatad tlieas vera ttalaad in haaaatoJEflin/ 
safriais/bisiacirk brova^  «^li|^ratad i& aHiaiiol and aomtad 
in Canada bal8a% ttk^ diffarant aleaaata vara aaparalad 
hy nechanie&l oaana aaiag a pair of aaadlaa liafara noaattog 
or applying praaaara over tt» eovar slip aftw Bmintiag. 
To 8tad^ the saaaanal fluetaatioa in tha starah 
con ten tf of ea«blal ealla and i t s darivativaa tiiaaM 
Cphloaa and xyl^mi fraah aatf^ialt (aaflxad) vara aaad* 
l b 
th9f M«r« ««eti«»ie<l on slicing alerotomt at ^« ^ileknest 
of SQ'm^S/vm in traffisv»r8«| trngftitial nad rftdial loiifltti-
dinal plaa«s« fh» ttetljas w«r« %r«attd i d ^ 0 AQtwoat 
potass! 081 iodide soltitioQ, 
rhs s iss of the different etesHiats wes seestired 
uoder speeifie aapiifleiitio&s of the M-eroseope, iisinf m 
iaiero&«ter scale* 
Ine proportiooal dlstribatioB of diffetent tjrpes 
of eleii«Gts IQ ti-ansecticms atid tiuig«ati<*l loaiitudinal 
secti(His was aeterffiined uti the ^asis of the area oeeti^ iedi 
bf the pespeetive eXea^ats* ihis was calettiated hf the 
Bietiiad described bf jilm\m& mu i.QbaI ('.^&)« Ihe first 
was ijased (m the weight of papw cuttings of draidags of 
differ«eit eleasats aade ylth the aid of caatra lueida on 
tracing papers. 4he porticHia liearing the drawings of the 
desired eieiaants were first reffloired and weired, the 
portions ccmtalnlng the fifures of the oth^ elesents were 
weighed* the ratio of one t/;e of element vith respeet to 
others in an imit area was ^an ealenXated* 
1 / 
Ifgntt^gt. t£ igiiMai» 
btlMta !&• JE3rl«fi and J^XOMI. l i e^»iflt« of tvo typsa «f 
ia i t i« l t | tpiiiai* fiifi^4 •X*9M»nl8 with long ta^ariac •B^ 
iraUa« tha failfi»s lait lal«| iiKl tins alaotfi UodUMtrle 
or footanfalcr ray iaitials* DM faaifota Initiala api^ar 
rottflilr hajwapilar la t«i|^atiaJl aaetioaa viUs loaf t«{ierlaf 
•a4a| ^Ui^ ^ a l l l^bM thr«® tpoeias ovari i to a eonaUarabla 
aitaat* Zha arranfaa»at of «ha i i f f a t ^ t eaa^aoaata of 
oaabiaa thi» loada to the foraatioa of aoa^atratifIa4 
atraot^o la a l l tha ihrm apaelas ( Ftaloa 1-IXX )« 
Iha walla of t l^ faalfom Saltlalt baar prlsai^ ]pl% 
flaias aad hava aiatlaot plaaaodlaaiiata aormootlaaa vlHi tim 
Qoatlfiraaa alasMitay ai^elally with tita rar laltlala* Sio 
radial valla of fisalfora Inltiala ara allghtly tbiokar tliaa 
^M tttngaatial m99 m^ ^pa«r diatlaoUr boaia<l dorlaf 
dofi&aa^ ( riataa IV*&| V«Pf VI»4 )» 
Iba laaglii of faalfora oalla ri^iaa froa S90»778/i» la 
&0 ^ I t r ^ t ^ y 2SI0.66d/IHl la Jn aaaa la^ aid tm^nm/m la 
& JiilUdiiQA* faiMrlaf mA valla af ^aaa aalla aaaanro 
13 
froe S9»26l/iiB, 8V860/U& and 23*308/OB ftq»«etif«lr 
( UhU 4 ) • lh9 vldth of f u t l f ^ v Ini t ia ls i f fomd to 
v«ry frois 14»26/1IBI in £» •Itylnm^ 14«29/liD to ^ afcaiilMt^ 
an4 ]3*43/tBi in ^ iatilftLlBft* ^ ^ » ^ ^ longost md tho 
widoat ftitirora Init i f t i t bAfo boon fomd in a» <*"»>olan^ T 
•aQog tho t^roo Hyrt«ooa9 aoQbtri invtstigattd* 
Ihe rar in i t ia l t \^Uh ooeor in distlnot groiipt 
fionerally form ftttifom oaabial rays i ^ i ^ fary in vidth 
and Itaight to a eontlterabla axtant in tlM diffoiont spaeloa 
( FXatas X»XXX ) • Iha vldtb of eanbial taar* varSos fron 
1*5 e t U t i «tiilo ^Mir heifht varlas ttm li^ S^O ooUt ( fablo 
4 ) in the Invastigatad tpaelaa* ^^M also of ragr ini t ia ls 
also varias in diffsront ip^oias. Iha antiolinal snd 
pariolinal dianatar of those ini t ials rangas f^oa a/7«8€/3l /^ 
la £* fiilCiBliai B/7^W3Q/m in i» flftfiUlilA and l4/l3-9V45/un 
i» ^ ^fholMia ( Xabla 4 )• 
Ihe eanhial rays aro elassifiod into thrao groiii^ s basod 
on thair haight • ^ o r t (1*10 soils), asdioi (ll«20 eolls) and 
t a l l (21^0 eal ls) . Iha rsys of diffarsnt hoii^t ooow in 
difforont proportion in tha diffsront spoeios Invsstlgatod* 
t a l l rays ooetv B>ora fraiiiiantly in £» i^^^iy^§^ i^ils tha 
short rays aro pradoolnant in £» i^itylnnf ( l i g , x ) • Sisilarlyt 
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i»iMri%t» rajra «r« pf«donis«at Is £* fityinmf «id eonstituU 
mboat mi of ttm total iittitMir of vf9 la a oiit •!>••• Uhilo 
^ i«» IHflUllU and J|» Jiilfilttai miMriiitt rar* aiaibtr about 
461 (Hid S7^  rof^otifoXr 1B « «l«llar eotnt. Maoriati raff 
e<»atitttta about U | of tba total ootat in £» »ityiiiii|y 43$ 
^ £p •MtBlaU and S3^ In j ^ JMtoDjBAt uhUo la tbo lattar 
triaariato rays donlnata ^« oaabial soiia < Fig* 8 )• i^ opand* 
lag OB tha oaabial saknim^^ tha ratio of ray md fatifora 
initiala dlffar in diffarant apaeiofl* In £* (|||y|i^ta|^  tha 
rar Initials eonstittita about 34^ of Xhs eastbial amai la 
I* "M^PH^ ^0^ and in l* ^uHtB^LSBM, *^% C Fig, 3 )• 
2ha fuaifora initials usually possasa largo Taeoolas. 
1^ ray Initials, on ^a otbor h^id, aro gaaarally isyragnatad 
with Yaryittg aaounta of tanniftroua substaaoaa and stur^* 
Xn tha Invastigatad spaelas, tha fuaifora Initials 
gaaarally posaaaa aora laiac ona nuolaua par oall ( Flataa XV • 
IJi )» Xha Bualaar auoibar goaa up aa h i^ aa aii la ona oall* 
^though tha nuabar of nuelai vary from l ^ in £• pitflnnay 
tha m^wtitf of tha Initiala hava ]P3 nuelat* Xn & ff||in^i»% 
^^ i^ JMlt8la&i« ^^ nualoar nuabar variaa froa 1P6 par 
eally uhila tha aajority of ^a alaamsta hava 1*4 md 2«3 
nuolai p9T oall raapaotivaly ( Fig, 4 )• 
Xn tha Coanoeytio fuaifora laitiala, tha noalai aro 
•pharieal uadar noraal eonditioaa, bat during dag«Mratioa 
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i^ip« i»A ttrti^tui** ( fig* 3 ) • Ute proe«st of itimMrfttloo 
i t w0m m ! • • • sisilar la ftil tli« i^selitt prtamtly Snfvtti-
gutodl. DisrlAf thi i fK«tS9y Wm nw6l9Kt eoelMits itgtawrftte 
f irat and ^ i s is foSlowid far tht &nelaa» mmWmm^ nmmmr^ 
m geoi Riabip of sp^rieai ntielai, prior to dAgentratioii bteoM 
spladlt i^ apa^ ( Flatas ^-A, ? I *4 ) and iavalop Ui l * l ika 
pro|tetiw« at ona or lio^ ^d@* Hit ^gtoaratian gaiiaralljr 
atarts froiB t^ a taU«# «a«ls C Plataa UUH^ niUG U 
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MONTHS 
n 
l a growing liiootti Wm vmseidar eiia&lOB btgtet t t i 
4tov9l<^ WRi% at thtt !Mit«l. l&l»moait moA pw@e9^» towwNIt ^ l i 
^^x« 'lh« 4iff«f«iiti«tiQa of ottBiilaJ, l i i i t i« l t to tegla vitti 
oeetirt «t diff«i«iit loei la Hio ffttoieti:Lar fogiont wiA la t t r 
•p70«4» latorAlljr to torn « ring of e«Bifri«i* la tr«atvorM 
soetioat of ^m jroong f^ootSf ^le eaatiiiil um^ eont&stt of 
l!»d lajrors of eolXt la £U ftitgiaaay 3»i:i Ja j ^ ligBliila «id 
£•5 in £p i^f^ bo^afi^ y i^Uo tHo atHibtr of ooU layors la tiio 
oaablal tmm of adult %?•«• varloa fl^ oe 2*7^ $mlM m^ fi*n 
Zho ^aagts la ^o eaablal •troetiifo that ooear vltli 
th« grovlag also of tiM %f as^tf «8 ^i« troa ^%s oHf hafo 
baaa followad la varioaa i ^ gro^^ tfoaa* I t hat baaa foaad 
that ^ a aanlilal la l t la la i atpoolallr ^ M fualfom onaa 
uaaargo ooaaldaraMia alaa irariatlais vl^i tha ^^firlag girth 
of tlia azia* la gtaaralt tliajr aia fooad ioagar la atoater 
axaa thmt M tha alandar «iaa« aat la ^ ^i^iaufy tha slaa 
laeraaaa of fitaifora lal t la la vlth tlia ipfowlag afa aad glrlb 
of ttm t f M axla^ la fomd to iia ealir aaagra aa tba laagtb 
of faaifora la l t la la VMrlaa f^ roa S0]p53C)»/aa la tba yomgaat 
aad ^la oliaat axas aaaljraail. lowavari la Mia o^iar two 
2c 
sptelaSf t^f is * pofitivt laeWftM M ^ M IffiEifl^ of 
tuBttoifm lalti it ls wim Wi» lAef«»M la t l ^ gtrm of tli* 
axis ( faDlos i*7 ) • ms rmU of lii«rsiiso liAppoiis lo M 
h i i^ la 79tsif i^oals m4 ion la oiisr oiios* I t appoars, 
thtfaforOf that t^t abii i ty of iMiOy forasa la i t ia ls to 
•icmgata la siso dopaadis cm tlia ago ^ l@io atristoa, Hia 
yotsigar is tlio oaBbiittf proatair is tha a l> i i i^ of ttia 
ia i t ia ls to aiongata md eonfarsaly ^ a oldar is tlia 
aaristsa Urn lassar is tlia a b i l i ^ of tlia Ia i t ia ls to 
oBdargo axpanaim* coasaQiitatiy, tiia rata of laeraasa la 
laaftli avetafo of t l ^ fasifora ia i t ia ls §%m/B dtova as Vbt 
oaaHiin agas. ^artStaff i t also ^fiaads m tha sfoeiss* 
This iaoraasa la mm laagth avaraga of fasifora Ia i t ia ls 
goas oaljr ^%& 65 ia £» f i ^ ^ ^ | . idiila i t is as h i ^ as 
29$ aa4 a&ji In M» aft«Hl*^ sad ia g^ ^ffiifffl^l foi^etivsly* 
n. siailar eosparativa stalysis of tk% data ol»talaad 
00 tha width of tha fasif^m l&itials has rofaalad l^at thajr 
do aot show my sipiifieaat ^m^ with C:« laomaso la 
tha eiroiafsfaaea of tha aaahial erllndar*C?ahlos i*7 ) • 
Haas^vaasats of tha taptrlag aads of ttm f^sifota Ia i t ia ls 
also do aot show aay sipiifioaat laetaata la sisa with tho 
growiag aireaefsfaaoa of tha axis ( fahlas 5»7 ) • 
4 si&il&7 ffiialjrsis of tits rajr Ini t ia ls of ^ e lavssti* 
gated spaeiss shows ^ a l l^ay do not iiid@?sd say sigaifieaat 
T&M«£> S 
Changes la the eell aist of th« fosifara initlalc (a« obs^ ^ t^d 
in t&agimUai ««etiaas) mlms the tree aids of varjrl&g girth 
n^ Callieteaoti eitrinae, igtires wit!iiE parentheses kaieate 
the range* 
Ciretisifer^ee 
of nm axis 
in en* 
^om*, plMQ to , Aim. 

























• .iased OR IKK) readiags. 
t&M»t> 6 
Cimngts in tiie e«U slsa of ili« fiasiforty Initlalf ( AS 
9tit«riNid in taagiBiUAl ••cti<xi«) aloQg lli« tr«« axlt of 
varyiag g i r ^ in L» aftciil»t>, ligares vlttiis pftr«i«l)«f«t 
ladleato 
Cireu^«] 















































• iofod on 500 roodilnfs 
XjiiEiii 7 
Changes io the cell sise of the fiisiforia in i t ia ls ( as 
absarved in tangential aectioos) alosf ^la traa axis of 
varying girth in ^ imSt^kSOM/^ Figures within parwitheses 
indiicata the range* 
CirftaBf«renee 
of th© axis 
in om* 
l«eRg^ 
tin* gy^ fi in /««* 








































* biased on S^i readings. 
23 
ebwiif In ttitir Ifidivl4iiftl d1mm»lm ( ^biit 8 ) but l ^ f 
do mitrfo gfv&ter soltlpliMtlQa ( I %«• 6 wad 7 ) • 4t a 
eonMQQdiie* Qf ^« a%9Vt ^aafts Ja ttHi mm)i»*v^ of oisliltny 
tiio r t f Initials mewpf • folallfeljr fptattr «foa &3 tho 
eae&lal oylladar Is ^« olil ^««t as eois^ ajrad to rotnior 
oaos C Fif* 3 )« 
ifltli tlw l i v ing girttk of t ^ axlSf tHo oasbial 
ojrilater also oxpaads Iqr addl&s i^ro otUs* Hio fasif^rai 
initials isdargo psoedottaiisforso difistois and giva riso 
to sistof initials < I'latas X«*% VI •^U^ Ui 4,Cti>» JCIXl 
€ , ! } ) • Siailarlfi tlia rair initials also divido and givo 
riso to nair ray initials ( f latas IIU^ UUmB >• ^l tbiis 
Hapiians In order to e<90 %ritli tiia oj^i^iiion of tlia aatiis* m« 
nav rsf initials ara also prodtieod W ^^ o fosifere Initials 
and tills happons aithar W ^o transvarsa aaftsantdtian of 
tba ftisiffmi oalls or ^ tho fwraation of oav Initials at 
tarslnal { Plata V«B ) or lataral sapMNs^ ta ( Platas fll I«D| 
Oeaasionallrt ^« srar^  ara saan fsislng vith ono a»o^iar 
to fofs taU mA vida bodias t riatts Ulll^ a?*J:V12 ) . 
IHis is taron^t about Ixf th@ oOBiwfsion of ^o IntarfMlng 
fiisifom Initials into a grouf of ray InitialSi iiHieli tmm 
tho iNPidga batnoan ^a two alroadr oxisting groups of rajr 
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;i i TALL 
0^ ' 180 ' 
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i s i FUSIFORM INITIALS 
RAY INITIALS 
n^ n^ 
FIG. 8 CIRCUMFERENCE INem 
24 
lisited h«i^t is tim b«glimiof groir into tall strtietumt 
by th« dltrislons of tha «xlttiii| l&Ui&ls ( FUttt Il-D^ 
1U»3« ini )• 4t Uws thB futlfons ioUial« «r« found 
to Intmdt into & p«a9l of ray liiitl«l$| rasoltiai; ia tbo 
dlvUlosa of ft broiil or tall ray Into a &a&bcr of as^llar 
OQtitlas < Pl&tos ?«C, n^Qf iJUCy XV }, 
Yasetzlar eaabiiisi, tliartforOi eonstantly mdiergQat 
ohangos in its eo!spo3iti(»« as m ace^ i^arsodativs isoasore to 
saat t)ia iaereaflsg eireiiaferanea of tba vasetaar e7ltn^w% 
Ihls mmaUy rtsultad in a eontiaarablo ohango la tlio oorrot* 
pofidlng volooo of ti» difforoat initials* Xhi»t in tba 
youig shoots^ tba fnsifora initials havo boon foimd to ooeopy 
9f% of tho total aroa of the ea»bial eylindor in £• aitginaa^ 
80^ in ^ aaeal^ ^^ ond 72$ In J^  Jlaaholj^ y^ »hUa in tt» aatlBPi 
trtmkSi th» oorrospondiKg aroa of fusifora initials in tht 
oaMbial cylinder gats roduead* Uovetorf in £• fiHsliiMi tha 
eh4inga in tha rolativs asurants of fusifora md regr initials 
doas not appaar to h9 sign if ic lot as it ah3«« :ax%f a diffaronoa 
of abottt 3^ in ^a yowig «r»d old trmks ( Fig# 8 ) . 
25 
i)«|Miiilag on Hi* MasoQf th« fttsifora lailiAlt «• M U 
«• ^« far laitials •i^ibit e«rtalii c^ingti la tikisir i^ iarftet*^ 
if ties* i8 «&aiysit of 11^  dfttt obtaliMi during th« y«ftr 2070 
has r«f<t*i*d that boHi the ttmoturt •Bd th« «oiittiit« of tho 
easliiai laitiftit mof trim a»a«o» to toasoii* 
2& £^  fl^|y%iHt tlio avorago iongtii «id vidtb of 
fmitmem Saitials varios f^ Oi 40i«>l^ /OB and i4»20/i» 
rotpootivtir, i^ilo tl^ aiofftgo tiM of ^oir taporJag «iida 
rangta ivm W^WS/m ( liai»io 9 )• Itm tlsa of rar laitiala 
also ^owa eiaor f«riati«i in diffofMit aaaaoiia* fho aaiii 
vaitia of ^a aatielliiai and parieiiaal. diaiaotara riDgaa 
froa ^A7*4€t^/f»i diirlsg a oalMidar ^ar ( UhU W } • 
n^ J^  iftiUlitai M^ afit?ag« lang^ and vidiai of ftttifoni 
laitiali raftgas fyon 4^ >i*Sd8/tisi aod I.7*20/un faaipaetiiwijr 
and tha and walia raiiga froB Sl^ lOO/tm ( £at>la U )• 
Sisiiarlry afitieilaal and perioliBal diaaatwri of tajr 
iaitiala r«igo trm Ii/]0*i^l0/iii In diffatont aaasona 
( UtjiU IS )• ia 1. JmyisdNlB^  ^^ aforago iaagtti aad vidlli 
of fttsifom laitiaia raagas f^ on 70d<^7/tn and Ifi^^^vm 
















t i l s i i e of l»9 





















lfar@ l a l t l a l i 1 (as »m& In 
pariffittb^et indicftt* th« rang** 























( 1 4 - ^ ) 
favoring <snds 






















*d«B«d CXI ^ re«iingt« 
tm^ 10 
QhaagAt in tli« e«l l t i s« of rmf laitiftla (at ••«ci la tangeatial 
iri«f) in thtt eaLaHiai son* df CaUistAiceB eitriaiit during 197$. 
?«lii«s violin paarmth»999 indleat* tli« rang** 
Months 









i i «9 t i s&« ( 
OetoiMir < 
Mov s^Dtr 1 
i^«o«sl»r 1 
3a 
[ 1S*6S ) 
36 
( 15-S7 ) 
{ 14*67 ) 
39 
39 
I 8-S7 ) 
36 




: I4-49 ) 
32 
: 14*74 ) 
34 
[ 3*57 ) 
34 
: 14.S7 ) 
Fif f i e l lnAl ' 
2a 
< 34*a4 ) 
19 
( i-i9 ) 
18 
( 3.29 ) 
( I4*24 ) 
]»9 
( 3*29 ) 
19 
( 7-89 > 
U9 
( 14-29 } 
19 
( 1 6 - ^ } 
18 
C 8-29 ) 
19 
( 13-31 ) 
17 
C 7-29 } 
20 
( 1 4 - ^ } 
• iatdd QQ 300 rMidlngs* 
tkM*U XI 
(ihmgta in eell tls« of fusiforii initialt (•• 9mm In tang^tiiJ. 
vi«v) of e«BM.al sane in JiQatti'/fttiy iffaisalAta durl&g ^7S« 





^ r l l 













































1 5 - ^ } < 
17 
15*23 ) < 
18 
15«22 ) 1 
SO 
iB*a2 ) { 
17 
16*gE ) ( 
IS 
15*23 } { 
17 
1 5 * ^ ) ( 
18 
1 3 * ^ ) ( 
18 
16*23 ) ( 
19 
14*29 ) \ 
20 
14*29 ) { 
19 
15*26 ) i 
Npwrlag fndi 
51 
[ 23*165 ) 
65 
[ 23-150 ) 
SB 
{ S ^ l l S ) 
71 
: 21^145 ) 
66 
[ 29*103 ) 
66 
[ 23*131 ) 
62 
! S^104 ) 
[ 2i*102 ) 
[ 29*104 > 
73 
{ 24*119 ) 
[ 4 3 * 2 ^ ) 
100 
: 53*^0 } 
• mM9i m 300 foadiagt* 
XMJI**^ 1& 
^hmges in the OfiU siso of rmf In l t la la (fti • • to In 
t^igecitial vimt) in the es^lslal son® of £Qe&:^ i^rBtB| naealat* 
atiring 1973* ?alu@0 within parcotlidMt Indient* tSie rango* 






C 16^4 ) 
25 ( 1S-3S ) 
( W^^ i 
U 
( B * ^ ) 
22 ( I S - ^ ) 
a i 
( 35-29 ) 
13 
( a-30 ) 
( 1S.3D ) 
"dX 
( 15.29 ) 
C 16-31 ) 
gl 
( 15-31 ) 






( 7 - ^ 
15 
( iD-as 
13 ( S-16 
15 
C ll)-i2 
10 ( S-16 









iasod on 330 roadlift* 
2G 
Bn»im/m ( tmhU 33 )• fh« mm imXm of afi«i«lla«l anA 
C tmhU 14 )• 
iSio ffOQQMiey of m^ tfptt| ilioii at^lod la forlai^it^ 
oollooti^QS ^ 1076 hM fOfOAlod ^At tiio t l ^ m» mil oi Itio 
forsfttioii of HMtr itvol^^sMit lii^ p«Eit to }» higily tafliitaood 
^ M^ mtamul eoBditioiit* H^ short njrt oeottr aoto 
froQOOiitlj ttmi Ka^ «0ooo»t»sr9 liilio ^« atdioa slsod fl^ os 
Jaaiiftrjr^ Mar^  in £# e i ^ ^ ^ ( f ig* 1 )• In J* HflUlitti 
t^ short roys sfo eoro froQomt flfoe 4iigo8t to Horoli i^Uo 
tho i9s4it» sisoi ofo i^ po froQutat froia ^^il to Julj 
( tig, 1 )• In i^ ^iS^^&aM$ tk^n is no sigaifieaiit 
difftfoneo In t&o ooe«rf«Eioo of rigr r^pos as has toooa 
Qotieod In otiiors la rolatioi to soosamO. variotian* In 
£• fiiWiffiit ^^ ^*^ '^i^ * sonttlttss am oo fvoqotet os 
^o short OQOs vaA ti»jr oeour twm 10*50^ llioir ailBianai 
poroontoft is notietd In Jolf mi ^pist ( Fig« i K la 
tiMi o^«r tvo spool*s lafostigatod^ tiio toll rsgrs osoar flair 
sporodioollr* Hiusi tlM eoQttitotioB of ^o OMIMOI SOM 
®f h ^!?tli01 ^ ^peoed ^ lit so i^iUftt diffoftat frott 
^ot of M^ o^or two spoelos studlod* t^ rosj^aso to tlio 
soosoaoi VM i^otioa h&§ olso lamm aot so iftorp la J* <f^i^mi 
09 la otisor two spoelos stadlod* 
t^iaog@8 1Q ce l l si£« of fi^siforis i a i U a l s (ms Bwmi la 
taiigootlftl rXevi Qt cm'tA^X um9 in -.a^«|^a l^bolana during 
1.976* Values vltHin par®itU#S9S ini icat* th« raag^* 
Months 





































































fap«rliig e iks 
133 
( S3-21E ) 
95 
( S^-145 ) 
83 
( 2fW174 ) 
135 
( 46-l'IO ) 
116 ( 5d-178 ) 
111 
< 23-218 ) 
128 
( J»-203 ) 
130 
( 40-210 } 
( 23-2(X> ) 
W9 
( 20-305 ) 
115 
( 58-81D ) 
125 
( 23-213 ) 
3ft«td m 300 rtailnga* 
f4M.E U 
Chmgm9 111 thtt 6«ll sis« of r&y i n i t i a l s (as t«ea la 
t« i f« iUal rimi) to thw c&ablal »9S« of J ig |a |A ,aiil»9to^ 
dwping 1976, ?alti«s witWLn p&r«atfe®»«f indiefttt th« i « 8 ^ * 




























CIS* m ) 
23 ( 15-36 ) 
( i5 i -a i ) 
33 ( 15-29 ) 
( 15-44 ) 
( 0)-44 I 
23 
C 18-4S ) 
&3 ( 15-30 ) 
81$ 
( M-l!@ ) 
gl 
C 13-31 > 
« aM«a in 300 rrnkdinest, 
i t not foant t9 Iw sneli iiillatii««a 1)r tii* wm^9W ooidltisas* 
A^ g^  ^^t»lntta itm WklmtUM ngrt «r» 4QBlaaat la aialiey 
and efntlittito €a*7ajl of ^o taabiol socio I& diffotWEil 
aoQtlit, FoU^iag titSOf tlio tritovlote rojrs foaoroiljr voff 
froe W^^SBi aad biooriato FI^O ^ O B Bmm$ i^ilo tho aiaUsoriott 
rojfi mly ooaotilalo l»0 of l^ o totol ro|rt of tl^ o eaa^lal 
loao* la in i^alAt^ t»i m^ himrimim iNqrs oetar B«W 
froQONilljr tlioa ^« ^ i oad amltiiorioto oaoo* Hio uaiooriala 
rojro vm m9^ fro^iMtatljr oiiaorfod froa JalsM^eoa^r utiUo 
tlio ^ M f iato OBOs ^OB HajF^ooo* IHo lilglictt aaatar of 
triotriato rigrt is aotiood la Jmmtf aatf i^ olnriiafy oily* 
XHo aoltiMriato roars oeear rofoJLjr la tills i^olos m4i ttioir 
l^re«itoiS goos m^f i^to 3 la Hio ooa^loi soao* la J» 
^liWiMlf tulsoriiito roys aio aoro fro^nMit f!r«a ^alr* 
ioirtatef« nhile tuo trisorioto oaos froa Boooaltev^ Morob* 
^allljoriato rays ars mwf ooeaoa la this ^^oolos sei otoar 
ffOQQWitlr wi^la 1 ^ raago of iCM^H ( Fig* 2 ) • 
Ihs aaoiast of w^ sad fasifora laitiais thmia sons 
aiaor flaotaatioas la d i i ^ t ^ t aoa^s of a yoar* la £• 
aitfiaas «io pofooataip afsa oooi^ lod ^ ray laitlals varlos 
froB 3&m4l$f th9 ffiaxlaoB bslag la OetoDor m4, Hofoalisri 
irtiilo tho aialBOB oeoarlag la ipr i l * la ^ Bfftf^ iftiffli i t is 
f omd to ^nof froa 2&»tm$ aad la £» JiilSdMlft frost ack^l* 
.J (} (CO 
t o otii«3*s ( l i g * 3 )• 
Hic a«eie*r tc^ditlaii of futiforn Initials ixi £* 
a^^A^aa m&u9 aoaa aaaaonal Yarlatian* Iht iitta^r of 
Bstelai pmt *lmmn% laeraafas dvariag ^fKtwmmf i«a«9 iovas&ar* 
#i2l7, i^ila i t anoira m opf osita ^aed iarlfis tha aetiva 
pariad ( figtt4 )• Is a iimlti*i^ii»rlaata tmifmm ini t ial 
tha diff«p«it fiuelai aaair la diffaraat aoBditiana* k fav 
of than C 4*]jS| ) aaow a elaaf »aeraaia liiila t ^ aajorlty 
is i» tha partial stata of daganaratioii C lig* 5 ) • Hia 
sliapa of aitalai ia Stteti ealls •ayias froa i^arieal to 
•pladla lika* M9 aaxiaaa psvoaata^ of aloega^dl or 
splii<|la sliapai noalai is ol»arTa4 to lataraary and Har* 
^a spiadla shapai nualai vith s.iort tails Hava also hm& 
obsarirad to oeeur l^ rom i^oat t^a i^ar^ axe^tifig M i^ril 
and Jma C lig* S )• In ^ ^ful^iit^,. no 4aflaita trand of 
saasonal •ariation ia stielaar mnliar has iaan obsarrad 
<lii» 4 )• Ihm pMreantafa of aaarotie naaloi is imm4. 
to irarsr fran 3^l€ C l ig , S )• In i* jwi^ iolaaa ^a 
ffiiSnuelaata initials daainata during dovaanoiff iiliila 
tha EHiltlnnelaata Initials dnr^g ^ a aetii« pliaso of 
the s&ebiitm Jnst an 9ppml%9 to t ^ t t^at is oltsorvad In 
£» eitriaasaCrig, 4)« lUe s^«ri«al mSi spiadla i^ apad 
20 
aueUi Kf Alvays found dosliuiiiiif la niaiter ovtr ttm t«U«4 
aad ii««rdtie OMS* ISM taU«d iiti6l«i aft found only oeeMion* 
ftllr (V4^) la ttiit tpootes* 3h« poroonUgi of ttio no«rotl« 
nueloi vftvits froa 2*35 dtirlii^  A oaloadar TOM* wltb th» 
MUEiniM oecarriaf In JUM ( fig* S )• 
Dit aeoeot of t«Biiliii is fotmd to ^ BaziBW tt<m 
Januftry^Jtiit In £• f^^iam and froi 4prU-AQsti»t In J^  
fttaal^t^ and fron FobmaTjMajr In |;» iillttUBaf «tiU« thojr 
itfo found nodaral* In Jnly and aato^r^Oatonbar In £^ tt^tglnna^ 
fron Jannary^Har^ and ^apta»b«r*Oetobar In ^ iifnlffili and 
Jlioit9mmr»iaamTf and JttTi0»4ti^ st In i^ fiilffl^im- 3ha nr 
Ittitlala eontalning poor anowt of tannlna aio notload tram 
4iifi»u^aptOB6or In £» aitgli^iiay Sovonbar^ &aoonbaf In £• 
Baa^A^ and ;»«ptOBibar*0eto|iar In 1» ifti|^ .^£ft^  ( Ha^a 15 )• 
^laUarlyi obaanratlons on Iha ttar^ eostontt of tiio 
Inltlala shov that tha Imtanai^ of starah aaetiaralatian 
ecmaidarabl/ varlaa In dlffOfant aon^s of a year* Iha ttarah 
hat b«an fomd to ao^ttlata In rIeH quantity froa l^ abroary* 
Mareh| no^rata In January and AprU*J«ui, poor la July and 
totally absMt fros ^fnst«Daaaabar In £» eitrlna^M In tha 
oast of ^ a&BSlil^t ^^ nazlstai aoeamlatian of atareh It 
notlead from Jtaia«J»lyy aodarata f^ roa Mareh'^ fay and In 
4ugiist| poor froa Januury-Fatenary and 3«ptaster*0atohar «id 
tAM*fi %S 
^•ES«ial varlfttiOQ (bfts«d cm six taaplst) ia th t «fi0£Bit of 
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• • roc* 
OU 
Ai»Miit from ^mrnmimT-'^mmimTm la J^ iaahttl^^^ tim »tmttk 
tefts }mm& f9f»d to aeoviviate t© m ^4er3t« • x l m t twom 
imwxrf^mtt^^ poor frc» jiprU-i«r tn i lofiMilwr«P«t»a%^ 
31 
^ £# eity^tMf ^M tfood 13 diffuse parous v i ^ por«t 
90lit«iT mA mmly In rsiial mtltiplst of tuo, lh« iatttr 
eOQStitiitlag a^ont SjC of tb® totsl* lio axial p«fOfi#i|nMi 
is pTO^ IOBliianUjr apotrse^al and cliffii«i4 «id at tiaaa para* 
tr&ehaal (ifatealfo m4 Chalk l^0)» l^a^wMa •asieontrie 
aaa forei lirldgts tiotiiowEi th« pcires ( Plata iC?XIX )• 
^ &f gftfiiilatay Iha ifood i t di£l^sa poroyS| with 
solitary and la rftdial aultiplaa of «^i4 or raroly aix. I^iont 
^ 1 of m@ fwtsalt oeeiar la stiltiplas, i^ile tha post ara 
•olitai^* i&o aligii»Mit i t oithar atral^i or olili^in. Hit 
ai.ial pa7«&diyi»i ia eoctoratol/ abwdaatf paratr&eiioid 
Calif«» to eosifltiaat) mA apotrae^al diffiis«d« iiiltitsa 
parondijr&a somtimat form tsall groups la tti* vioiaitjr of 
%h9 vofials ( Oadavall 1972 )• Iha traelsoidt art vaaleimtrie 
C Plata U£ ) . 
^ &f iaabolana> Vtm vood is difftasa p«roaS| vitli 
YOSMls aolit4r7 aad iR short radial sultiplas of S*4« 
Kiatiplo ports eofistituto %bQVt% 45$ la tails spoelis* Ibo 
axial paroaeltyiia is alnmdi^ tf apotra^ioal dlffdiod tud 
paratrft<^«al eoiiflaont C Mato&lfa aad Ciialk WSO )• Vasi* 
eeatrle traetialds aro pro»@at ( llata XX. )• 
^M f ibr* trA^«i4s liiJl^ horn got ditt lnet t»^4i»r«4 pits 
vi<^ «iXiptie«l ft|»p«rtBr«s C FlaU I V i l l ) , wbil* In ^ 
a*eai&t& mA ^ iSSUXS&SOA ^^"^^ tftt^Mids tcigdlli^r viHi 
libriforai fi)»«s eoestitato tli# B^lmmud^nm nsrstva* 
I w msmls i» ftll tbe liiv»stigfit«el Bp^eUa art fomd 
lo liaf« simi^ lo p9rf9fA%iim pi&ltf villi 1^ « •XMptioci of 
i^ Ji i i i l lQ& in ^ ieb oeeasioii&iljrt seidarif^w ptrfor&tioii 
plates aft also iiotioa4« in ^ ^eni^tay aost of ^ M vtssolt 
hava traasvarsa and vails utiila ^ e £» i^ity^n^ and £• Jastfifliiiii 
a a j o r i ^ of tHa lassala tiaia obliQUS and valla* t!sa lataral 
valla of tha vassals la a l l t!ia Isfastigatad apaolaa posaasa 
omrew&w^A altamatalr arrangad eireolar D^rdaraa pits vitli 
a l l ip t loa l appartwaSf sonstiaas v i ^ distinct tor i ( Platas 
la tMi^at ia l loagitadlaal saetioii8« tlia raar paranol^ ma 
ealla fore fusifora rairs of vaf^lag liaiglit and vidi^« 'Sim 
Ikai^t is fomd to rarr froes 1*28 ealls la £• aitylntisy i»S6 
la K» aaeiil&ta ( Plata Uiy^Q ) m^ l»63 oalla ia J* IH&iy&A 
C Plata JPUC ) • daeaaioaally diis to tha fttsion of ana wt 
m&m vartiaalljr alignail rar^f t>@i#it raa^ias tip to 76 aalls 
la 1* ?iill9lWiii' ilnHarlar their vidth is aotieod to vary 
froe ]p4 ealls la £, al^^lniis and Ji. faai^iitff ( Plata XZJUC ) , 
and l»« oalla la S» iaaiioian* ( Plata CwC )« 
111 raiiftl lOQf itudlaal TIAW, ttio r«yt a j^ptAr • • hoao* 
ettllulurf eoepoMi of only proembntit soils in J» BpiiBi*% 
( Pl«|« 4XA»D ) m4 liot*roe«lliaar eoe^ttd of proouftiwiit 
WEid iip?i#it eoUt In £• eity^mg ( i^Uto JLVZ1I»& ) and 
i» i j f t^lMi^ C Plftto Mmt* ) , iB ^toroooUtilar ror ' t ^ ^ 
upri^it el«M{ita oeeiq^ jr t ^ sargisAl labors on olthor 9$M 
of tho proomliOEit oolls* 9ee«tioiittlly aacmg Iho proeaabont 
oltiAfitSy sacM v^iglit mll9 oto ol»o fou^ ( r i t t o t x:vxXI-8, 
M«iuiurtfioiits of ^@ votaol oloatnts lt«fo rofoalod 
«^«t inoir loagUi irarios froe 143*65g/UBi la £» ftt|£lilltt« 
iaS*7^/iXB In i» «Mttlata «»4 a6]j»94E^aB In S» JiAlfilMIA* 
S|»i|arl|r radiol and t«igonti&l 4l«wtoi*» of Hio voaaols afo 
foma to v « ^ fjpQK a9/^»g7S/l43/ia In £• qitolni^if 44/3(K3iO/S 
/ ^ ^ ip i^ffi^*t§ ttdi l5/aft^de/174/t» In ^ j|ffl^!^mf (talilo 
4 «0i^«ffl80n of vaasal lonsHi with th«lr motlior Ini t ia ls 
has rovoalod ^ a t ttk%y avo ^ortor ti^an ^ o l r oottiair Ini t ia ls 
^ li^ ^l-tylany and soro or loss OQual In ^ a^milmt* «id 
i^ ftiftgliiH C fal»lo 16 ) • 
Hio saooratod filters oloasnts appoar as olQcpitod 
stri^tiiros vlth tafwrlng onds* ft^f upp^mr to misrso apioal 
olongaticn ^ mB(m» of iqpieal Intrttslfo gto^th to ^ o ox^nt 
of 1«4*1«6 tiaws ovor tuo SIJO of ^mir sothor Ini t ia ls noMlr 
tlia f^siforn aanbial Ini t ia ls ( Sablo 17 ) • Sbo Intmsivoly 
X^ BLE 16 
Vessel t i t s miA t^ eix> Isngth eo^srlsoii « 1 ^ sot^sr l&iUals 
la the selected speeies. Figures within parsntheses iadio&te 
the ran$99 
^peeies 
MeaQ*i«ig^ H«8»«ieag^ .iesii* diaoeter vressel 
of fmiS^m 9t vessel »f iressels IsisftV 
Isitl&ls la elsoentt in in /am fusifors 
liadlsl lengenr i n l t i a 
t ia l length 
/urn /Um 
sJiJsism 558 363 184 98 (26V77^) (143-658) (29-875) (29-143) 0.6S 
MgjlygttUi 492 394 334 109 
(23^653) (125-798) (44-340) (30-280) 0.30 
790 636 130 97 
(363-1160) (261-942) (15-232) (15-174) 0,89 
•^dftsedi on Tdmfi the yetir eollectlc»s* 
fikjiu& X7 
i^mmi* IcQgtti md vidtii of xylea flinrei «sid ^@ir length 
eoe^ parlsmi «fit» the aother iniUals In th^ Mlaetod •peclos, 
ligar«t vlthin p«v«ntli»ttt indlcfttt th« rang** 
•ipeciet 
i*«Qgth of l<«ngth df «idt^ of 
fttsiforis fiisros fiivot 
InitiaXi in In 





Simmg (260.775) (270.1716) (M7> 1.66 
^^milygtiif 49& QAM 
a«»UU (aao-Ssa, (23!^,^, .ai*^, ^ ^ 
l*aba\j|yill 790 Xl£<^  
" " • " "• '"•"" « - ' • • ' eoiuctton,. 
34 
grown •l«a«iitt poBmB9 mwlf foratd ^leal . parts mii* i^ of 
eoi^«rfttiv»l9r thin e*U.iA#M umllt, eneloslug ^if i«r II8MRI« 
rieli ia ejrtoplftsmie emtMitt* i t i ^ «#!«•• • j ^ ib i t t various 
%fp9s of strtietursi «aiiif«statiiKiS| sueli as ••rratioiiSt 
forleiiist tM&dltig •U% 
^h9f Tarr ^ iangtb from ZfO^XfV^/^om in £» ftftylnofy 
235*1.7I0/»Q in a» jftf^^t^ sni 374*a496/i»i la £• i|fft|fi^ff^f 
viHi « i afarags vMth of ^ / t » t 19/w aad Sd^wi taspaetivaly 
Sta anal^fsis of traststetioas of atlult wood swplas 
of ^itt^fmnt sp@elAS has tavtalad that tlie poras eoestituta 
about 86it ^^ axlaJL pmmatkymm 121, ra^ paranoliiraa Mi and 
soloran^^piHi ^fi of tlia total ^ansa@tioiial, araa of wood In 
£U fillClHib ^taUar astSaatt of tlia £• fftft^^t^ md J* 
itt^bolMif^ has Selena ^ a ooourratiea of aho&t 22$ ports, tii asial 
pi^an^yaa 23?* n ^ parenehpaa and 4d^ selaraaehToa Sa 
1^ aa^oiatat 20$ araa ^ pores, 23$ axial pafaai^i|«a, I^ JS 
ray paraaeharsa aad alioat 26^ of aeltraad^uraa la J^ iMllfi l iai* 
Iha wood saiplas la taageatial loagltt^ilaal Y I « « has 
ravsalad that the rars 00019/ thout M$ of ttia total taagoatial 
araa of wood la £» £l£dllSI&f ^3l ^ I * HflBlilii « i^ 31^ ^ 
! • JiiHSlJiaii ^ U a tha r^st is ooeopiad hr axial alWBeBts* 
O.J 
&o siemseopie «Mlarti« of tteondufF zjritB I& tut 
A3»s of Y»rloiia «t* gfos^ %?••• tiAs rvwftlitd ^ a t th* 
wiofnt of wood l^efOMOf v l l^ ttio InofomM I& Vm «ft of 
ti}« troo axis* y i ^ tht ia^fotslai a ^ of t^e v«»e«l«r 
eaabiim, th@ atnietiifa of voai alto appears to mMtp^ 
eoaai^rablo irarlatlim* Hia l « i g ^ aftrai^ of f«sMl t | 
in foaarali sliow i» l a i t i a l Ineioaao mA Xator a eonatafiey 
with tha grovlag SJLM of th« traa axia* lihaii OBO foUowt 
tk<i vaaaal langl^ fraa to|^  tiMardis ^ a baaa at •ariottt 
tiaiflit lavala froe tlia groimdy ttia l«igtti avaraga of laaaala 
f I r t t faeord an laeraaaa mA than a a l i ^ t liaaraaaa iiaar 
tha liaaa lairaU this Iseraasa Sa Iwigtii avaraga vlth tlia 
groirleg aga of tha ea&hiMs f o U ^ a a gtaAiMil. gala to 
1» i^et^^ta atkd ^ IfttfrglUffii iHit in £• ft^fg^aay tha ^<aa4 
ia diattsfhad as sliowi la lalila IS. 
Mialjrais of tha data has tavaalad that tiia radial 
and tangaatlal diuMtafs ahov a gtmdiial laeiaaaa wltfe tha 
laofaaslBg diaisatar of Vm asia m t U a saxlMBi la laa^ad 
( 7ahla I f ) • 
On ^m hasls of ^ a pofa a i M , tha foaaala ata 
olaaaiflad lata ^TOO vis», snail (lOi^O/iiB>| Mdit» 
tAaLh IS 
Chaagts ia ttm f99sml length («s t««& in aiiMsratfid tamplM) 
along ni9 t3tm axis of wsFying f i r th lo tlie MlaetaA ^•ciwt. 
figttr«a ifithin pMr^st^aaaa lodiicata tha i^tiga. 
Cireum* ^ 
farmea 



































( 37*343 ) 
266 
C 73-406 > 
268 












( 363-667 ) 
466 
< ^3-680 ) 
S61 
( 436-754 ) 
^ 1 
^ 6 
( 464-9?a ) 
870 
( 360-798 ) 
660 
( 363^99 > 
636 
( 319.850 } 
630 
( 296-916 ) 
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m m s s s o m f 4 I a 
3G 
<iftt«sorl«f of irosMlt in tlw ttOB wwi of 4iff«ront 4i«B«tor« 
of a l l ^ 0 Hifoo af«el«s Inaieatot that In ttio ourrwst f&9 
shootii siaall amd aodliM typo of fotsola aio aoro ffOQuont 
tiitti Is tho older axis* 
^^ £» ft^ty%i^f^ saall pofos aro eero ffOQuuit In ewtrmt 
yoar's ^oot than izt Vm aain I rwkt* In t^o oiin^fit roar 
sitoatSf tho BwaXX and »tdiit» ^rpo fotaals axo fotnd S&$ mA 
M% foa$}oeti«olr* n^ ltb tuo Ineroaoo in ttio oiroOBformeo 
of tho axis, mora ia a eorroi^oiiil&g dtoofoaao In mo 
poroofttaio of snail aa4 aodittt typo of nosscla* nitli ^ o 
dooroaao la ni»l»tr of snail t ^ ^ fos^ ls , a gf»dvmX laetoaso 
in tlio larfo ^po foasola talcos plaoo. In aaln tmv^s tho 
nvMter of largo foosols foos as h i i^ as 90^ of tte total 
( r ig . 9 >. 
&^ &f ^^f^^|a^. ftia pareontaio of ssall votsols varios 
froo 23*421 In tlio axos of dlffOrmit dl^Mtors, ubilo tho 
poreoatago of asdics slsod fossols show a ^arp ioolltio In 
iiUBhor froB 46-6 % vlth laetoaso In 4li«wtor of tho axis. 
fh« ourtont yoar shoots of E ooatiMtor oiroiaiforoaoo art 
fotffidi to ho ocmtalaliif M$ mmll ^rpO| 4$^ soilitB typo mA 
171^  largo ^fp» fossols ( l ig* 9 ) • 
^s & Jiibi^liiUlt ^ ^ ssall m^ oodiiai tjrpo vossoli 
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10 20 5 0 ' SO n o ' ^ A G 
ClRCUy?-£RENCE \H cm 
3li« oiirrMt ymt ^mtn of 2 ^mtiMmUv ei3pevmf9W9mtm AT* 
foi»4 to potMts ni$ SBftll Irptf 40 latdiaD ^rp* aM U^% 
largo Ijrpo foioolt C FIf* 9 }• 1!io sulaRB tr9%mmf of 
lorfo Ijppo fofsoli la eurront jroar itioots of 2 o»%l»ilor 
eirouBfoTOBoo ia notieoil la £^ Jii&BtliQAi vtiUo ttioljr aliilaiM 
lh« x^loa fi^pos miso oa^lbit soeo dum^t la ^ « i r 
diiseiisims vith tho grovlig ac® of ^ « tree socit* Iho 
ovoro^ longth of f l i r t s hm boon fotSKi to raxf from 
430-8iS/OB in £» fillSlaMi 5O},«098/m 4B I t ai^i^at^ aa4 
7^»1370^ai In ^ JiilH&iaft ^^^ tlioir otorago wiatti varies 
fros 39«£4/imt 1^22/tiB £^4 ]j6*24/a& rospeetiYoijr (Ziblo 20)* 
M analysis of traasoetioDs rogardlng ^lo poreootago 
area ooettpiod hf th9 tliffarent ec^ ipoB E^its of xylmt la tht 
wood sasplos eolloeto4 froe tbM a3»s of YarySng diaaotor 
lias rovoalod that ^07 4iffaf to a eortaia oxtoat ia diffar«!it 
saaplos* fho vessol atta is fomtl to vaty firoM W^WBH la 
^ ^M^laosy l$«»30l ia S» a^aulat^ sad l7*SiQ^ la 1» Jl l l i lAaif 
t ^ BlalBia b i^s la tba y^nigsr i^oots* la ^ ^^faol.^^ | 
ttio fossol aroa alaost roosias ttea saaa la |>oi«g as wall as 
iUi tho old trmk ( Fig. ]0 )• SiftUarlfi tHo aaomt of 
otli@r ecwpoaoats lias lisaa foisid to tmef ia diffaroat sas^lasf 
^ s asial parsa^iyca is found varylag fros 9*14| la £» fillclBBit 
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C I H C U M F E H L N i ' i (N cii 
60 
( F i t , 1^ ) . 
la a l l tho Ihrte fpacisa lh« anomt of ra j ^araniAijiHit 
gtadiialljr iaeraaata v l ^ ^» inG7«aaii in the eliaaatar of 
tlia axif* aiailarlFf th« aaotsit «f axial paiNmeli|«a also 
laeraasaa v l ^ ea liiereas« in ^Umtmr of IHo axit la 
ib> eitfiatta ^ l i j ^ Jaabalnaa i^lla a ira-yori^ proeoaa hat 
ba«i ob»arw4 la ij^ i i f i , ^ i l i ( ^lg« 10 ) . 
Xbo V004 rajs, as ^i«lr ^»t^07 Ini t ials la tti« oaablaDi 
diffar la lialfht aa4 v i 4 ^ to a eoatl^ratila oxtoat. H M J 
vary la jtol#il from 1*30 fal ls la s|;u fiUatlaiiii l*^^ 1& 
lb aiSi l l l l^ »^ 1^ 75 i» a»» JffiMmAt md ia width fro« 
l«4 Qtlls in 1^ eitriatia md l^Bfteql«t§ i^ilo 1*6 eolls la 
£» i aaba l^^ Hie n^s are foi»d lavariiiblsr KtiltlaarlAta 
«id t a l l la thQ oldar trtm^i t2iaa In l^a fomg iKioata 
digs* I I «id 12 ) • AS a eoRSOfitiaaeo, ttie rays eoot^r grtator 
arta In this xylam of old^r trmirt ooi^trod to rotngor ooos* 
la taagaatial loaglt^laal iaoti<ias, t^m ^roaatafe 
araa oeov|ilad tagr ray iiaroa^yaa varloa froei 13*341 la 
Qfi eitylaasy I3*25l la J» i^ <^ iilfa%^ and ZSxABi in ^ JaiaboiBn^ 
( f ig* 13 ) • 
100-1 
80 
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39 
^tiisiiil tfnaiti la lit tltiiBlm .gCjaaA* 
imaXyMA •vvrr SIOQIII la <^4*y to f i f i i out Ititt vnrUtiont 
^m fooBd tliat lli« Uag 121 of fosttlt •orios f)roft i4d»6S8/W 
— — » • - . » — . . » ^ « — - . . i i . . i . _ i p _ i i p . _ i f 
to j ^ JiBiMtiLailA to d&ffifttit ioasoot* Hio BIHIKMI afoyift 
siao of Hw VBSiols U9»$ zm^mt %M aotieod la iovtabor wd 
^o saximn avorago alxo l«o«, 4lffi^ to i#rU la tiio mtm 
9^ £# ftityto^, Hi^f eoi^aratifolf ahortor olMMmta oteiar 
moro fwmqmaUf froo Ifotoabtiwioeaatoiri uliUo Hit taUar 
oaea la 3mmxf aaH ^^il» Slailarl7« la J|» int l l t ln toalt 
avarAga iaagHi tiaa IM«EI fO«B4 rfiaglag ffoa a98«^iii/aB la 
diffaraat aaaaona* J^ ^  ^OTllffllifflir ^ * laaaal laagtli la 
aaaai««4 froa 26l,«t^/tiei wiHi aa avaraga raaglag f^oa 
St§»t5D^aB la diffavwit mmth§ of a yaar C &blt t l ) • 
^aaofanKita of tlia radial aad taogaatial iiaaalar 
of foaaala la £• aitylaaa hava ravaalad I3ia% Hia aiwraga 
alio of l^ a radial diaaotor raagaa f^ roa 90»l^/m aad 
tangaatial di^watar f^aa 79»lO«/a8 la dlffaraat aoat&a* 
f&JLE 2% 
Ssasonal v^riaUcm to th9 v«ts»l sis« ( «s B^m in mieerattd 
tampltt) in ^ e ••Itettd tp«el«s* Figiirts violin pftr«»tb«s«t 
















C ^0-658 ) 
385 
( 215-572 ) 
3S6 
47g 
( 215*S72 ) 
370 
( 243*42:^ ) 
350 
( H}D«>495 ) 
3 l i 
( ^?0*490 ) 
3 ^ 
( 216-515 ) 
360 
( 143*510 ) 
357 
( S3S^90 ) 
a6o 
280 
( 143-*429 ) 
933 
( 21S-58D : 
452 
( 2U»m6 , 
453 
C 215*368 < 
( 210*€51 i 
393 
432 
C glt*580 i 
333 
( 211-690 j 
455 
( 21i-652 ] 
351 
( 205-464 j 
416 




i 125-580 j 
lyiBbQiiKia 
696 
» C 319-754 ) 
750 
) ( 301-850 ) 
689 
} ( £SK>-81^ ) 
1 C 300-798 ) 
59i 
> ( 261-793 > 
720 
1 ( 290-725 ) 
638 
> ( 319-'^4 ) 
692 
1 ( 295-942 ) 
634 
1 ( 290-798 ) 
@8$ 
660 
) ( 363.^99 ) 
638 
) ( diO-7^ ) 
* Bfttti <m 300 rMdiagt. 
4 u 
froB 91f»l86/i8i cad ^« t«iigMi%i«l. diaettvr froa 77*l i i / i» 
( fatild I® >• 
Tim mmmttktmA SiW% %lmmn%» imm WB%»wfA %» dtttfslad 
^ • i r dljM»tloaaJL vnrlatliiif $& i i f f tmiit aoiilii* 9€ m dftldndur 
Y9»f0 UMir wmw9^ Imgth I I M Iweii fomd to wiof ttmt 
7M*l0^/»tt vitfa tHo slalMBi ooearrlai la Mu*^ lii £• aitgiai^. 
l!i« loni^r olMwnlt i^ poar to Iw sof* tm^^mut la iiprli led 
Booosbor* In J* iftjllftli ni'vi^ Af* l^ftgl^ of Hio f^»w» ?•&§§• 
f f « d73i*l0^/«tt la A ealoadtt yottf. 9io JUr^it tlio has 
l)0«i notiood la Doooa^t i ^ i ^ i t foUowtd W ^mmxif a&d 
Oetobor. c« f arAtivoly mftlltir oloamtt mm aotiood twm 
Hiqp^ Soptosbor l*o»| durlfig dotMHit ftriod of ttio oaaibiiMu 
8^ l# Jii&iyQi «v*rd{0 UBg^ of 1^ 0 flUPOf v«flot l^ roi 
7Sd»]|S09/iii «!id ttio ii^^ip oloBiiitf Mpo fiotiood twm 
n9irmb»r^mm mi Hio mtAll^r m%§ la t N f t t t of tim mmttu 
In i^ioli ^ t ooabim I t tkigbly odtiirt i fablo ®$ >• %«•« a 
roforoo ^ORoaoficn oooari la JjJU $mMiMk *« eo^pcfod to 
tHot of & ^it^iiiftt|. ioMovori la £• ai^ini^y ^o fitere 
oloaontt do aot ^ov «sjr dltoot tolatioaiiii^ viHi tiio oott&Ul 
aetivitr* ilailftf ^»Mftatlfla« oa tli» vidtli of ^o fiterot 
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( om^TmB ) 
( 468»154« ) 
7S4 
( i65-l09E > 
a€5 
( 39CI«lljS4 > 
c aTO-iaw ) 
( 468*1M8 ) 
8X7 ( 289.ISX6 ) 
( 4®i.l348 > 
S@3 
C 270.1373 ) 
( 546 .13^ ) 
( 4^«]43S ) 
914 
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4^1.1716 ) 
1339 ( 374-1950 
1S39 
C 375-1780 
1509 ( 4i^-2@@ 
1255 ( 409-2199 
1263 
( 802-2184 






754 ( 399-1716 
9(MI 
C 390-2021 
1101 ( 510-1980 
1368 ( 702-19^ 
« ^taad OKI 3{X) rwMilafa, 
41 
BM wood ri^s, ftf th«ir sotlisr Initiftls in tim twbiiiBt 
4iff«r In iMi^it «i4 v ia^ to m emtUaraMB •XIMBW Mi«rd» 
•ftopie •xaalfkAtiOQ df lli« iaM4ial* xyiim itriumtiwt In 
forlni#iUr G0U«eti^8 has ilioun ^« t lti« ta l i rigri tf* 
aof* fftt^wnt In Himmrff ^ r U f Oetolwr «id li<iv<Mib«r In 
£» ^^tgj^^ i^ilt in §ft BHiffililifi ^9T ognstltui* s alnor 
^•re«nUit aliei^t in a l l tti« mimtli* of A you* txelodilag tb« 
aontii of Sot^btrt &Ojr &ro fmma rarf^i ^V^ ip5| In 
dlfforont BOQ s^ and saxifttis ni»ter i t notieod la i^ri l* 
^ a» iiUll^Ll&li Alnost OQisal amounts of thort ani aaftiw 
rftrs «ro obasFfoi In iifferont soaaont an4 tbo ta i l imya aro 
obaorved round ^ « jraari eanstltntlns 80«33^ of tho total 
niwbort tho aaxliittB jpareantago of ^o ta l l rajrs i t i^tleai 
in January viiilo tho nlnlsiim In liar^« Ih« short rays haio 
b—n found sor« frOQuant froa Haj^  to Oetobar in £• a^trlni^ 
and froa So t^oaliar to Ooeoettwr In g* i^ei^ata vliilo In 
& JiillilaQA <^® t ip i i f leant toatonal i^ anga in tiHo noibar of 
difforont n ^ tnios fiat liaon notiotd ( i Ig* 14 >« 
4 siailar analyait of tlio r«r width hat fovaaltd ttiat 
^ Su» ^ i^i^^lif tho folativa froQuanof of tai to aultitariatt 
rar< Is »ot tiptifioantly affoe tad hy tht aoat<3iial ^«ifat» 
^^ h mflttlittt ^ * unitariata rare oeotar aoro froQaantljr 
fAM»r^  m 
ii9m»ma^ viuriaUsa in tlic wiith of aqrlte fibres ( «s SMRI in Qi&e«r«tod tftsplt*) la tho thre« ••l««tttd sp«ei«s* Figurst 
Hi thin i>ar^th«i«s indHeato the rangt* 
iioatiii 






















































































































• d$M9A m 300 r««41ngi« 

























SHORT MEDIUM I TALL 
EUGENIA AMBOLANA 


















from Jttly.aotoi»r and triMrUlt ooos from i)«MBb«]**H«7« 
^« a«xi«iB nm\mT of toiMrUtt raya Is aotio»d in Fabroary* 
Iha oeeurrane* of sultiaarlato rays hat boaa found vofy ravo 
in this spteias. In 1^ east of ^ iiiltsa«Ub almost a 
slBUar tnoid ooetirs as bas baac obsatvad In ^ fi^JtCil&lli* 
Mowofor, tAlSka that of £• ^^ti>laoi. tlia nmh9T of mlsartato 
rays Is fomd Tarylag froa ]j3-27jC la diffaraot monttis of 
a yaar and total number of bl and trlaarlata rays is fotnd 
alvays dooln&tins of^r tha misariatt onos, Ttm poreantaga 
of Baltiaariata rays is notleod froe 6-21I In ^ Jillislttjit 
U2% in '^ ftfcalatA «id 1«3^  la £^  oityinos ( Fig, IS )« 
Tha astlaatlan of araa oeeupiad ^ ray paranehysa oalla in 
t^gential plana has shown that i t varias fron 2Z^e$ in 
^ eitrlqusy 2li>25| in i» yftffi^ *f|f|, and 83-^^ in J, Ifg^ ^^ l^^ na 
in diffaront nonths of a year* lhaS| tha araa eeetapiad by 
ray psrantiiy«a calls in tssigwfttial plma is found mora or lass 
a(|ual in ^ ^itrin^ and ^ aaaol^ta ( Fig. 1$ ) , 
m analysis of transactions of tha sonthiy eoUaetiois 
of tim adult wood of tha salaetad spaoias has show ISiat tb§ 
arta oeat^lsd hy tha diffaront oonponants of tha lylan shova 
Binor floetoations* Iha port araa is found varying ttm 
22.3^1 axial partnehyna J0«14 ,^ tfood saloranahyina Z2^mi and 
ray paranahyna 30*361 in ^ eitrinii|, Coiq>aratifaly tim porat 




















































PERCENT TANGENTIAL ARE A 
WO^ OD RAYS 
EUGENIA JAMBOLANA 
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is • 9Qivw9pfmAkis dtfiftftM In tli* asoimt of stlonnidhyBft 
froii Ju3Lr«Kof«&ter ^m !&• oaablM is i^t iw. Siailn^liPf 
in 1» "••^i^^T ^^ *>** o«6api«d ^ 1^9 diffsrsnt sri^s 
e£»i|»oa«iit8 is sstlwilsd «iii i t lias s^en fomiA that UMI fssssis 
oeec^ jr fjroK £]i»@4^ | sxial parsaeiiimi ^ Id l f 8el«f«iitfifB« 
4i»47^ aii4 ray i^ araiitiiyma 20mt^i of tlia total tvanMoticxial 
aroa* la & Jlftlffiliiit ^® vossols oeen^ y i6»2i^, axial 
pafo&etijma :^^ <»2S^ f soi^ ronclijnsa ES*33^ and i ^ j^ araii^ j^ aa 
frois S8«»39| of th9 total ^raasoetioiial aioa* Oaljr voo4 
solovonoliysa i^ otis a sigaif ieaat ^aoso la its anotnt muS^w 
diffoTsat soasms aQ4 tHo aroa oeo^piod W ^^ vood seloroa^o^Mi 
ooKss 49m «;^ to 22| In lotoisbtr and rasgos flroa Z2*2Sfi la 
august, S«pt0!%b«r aa<l Oetabtri i^ii^ ia tbs aotivs period of 
xylOB prodoetioa* k eo^arison of ttio fossol afoa of ^iroo 
solootod s^oios has tovoalod that tha naxiooa pars aroa 
(ahoat IS7JS> oeeors in £• oityinna f^lowod 1^ J» n^aalata 
<al»oiit U2%) whilo ^0 alalstfis piMro aroa (about IBi) is 
aotiood In g, iatthoiaii^ Althoai^, tba aforago siso of tho 
radial and tangontlal dians^rs of thm poros la ^ i^atiiata 
^^ k^ ^•^faol^a is largor ^aa la £• ^itrlima doa to high 
froQUMier ^ irossols ^ r la i t aroa, ttmy 9mn^f taoro aroa 
ia 1^0 lattar tltma la ^o o^ers ( lig« 17 )« 
apteifie tast for ta& star^ eoatiHit of tho axial aad 
rar paro&^^aa of £^  aitgiai^y has rovsalad that froqosaojr 
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of tli«if oeewr«ne« fiiittiiftl*t mltk ^« oUaiigliig ftatai* 
I t ii*f tmm otiaorvvd Huit ^w axial parwii^ljiu ae«iB&i4ata 
ffior® stMP^ frofi laliraayr ^ ^^^t « i^^^tratt mmmt ttm 
mgm% to aoploatioY a»d a poor aBomt froa Ootobor to 
4mmrf* Similar n.ti6tiiAtic»is Is Vm Jbit^tltr o^  atafoli 
In the ray s>4yraiii^ i]r»a oaUt ara alto aotieo^. Hio rasr 
oolls meODt r i ^ ia t tar^ f^ oa Jaaitaty i^Hart sotSarato fros 
ivmmg^^mimt md a l i ^ t no atarob ffoe t^oliar»dafiMMBibor« 
Siailar olkaarvatiooa m tumlJiroiia 8ti)»ataiieaa la tlia 
two ayttasi of vooi paranflliiPtta lias ifooiai that l^e ra^ f oallt 
eootala t^mif^roaa autMitaneoa In soat of ^o son^a but to 
a Yaryiag ditftao* Uio axii^ pafwo^srsaf eoatalalsg riflh 
^posits of tiucmliia ttro notioad froe H^mtofm^mmf i»Ntorata 
ta Jtfiaaxyt ^v^% Kovanlier and Daoaabar* 13io tfloalaa afo 
ooi^lttolar abtant i& &vtgwi% and poor In DotcHMr. Sh9 waij^ 
paronoiij^ ui eoUa rich ia tafmi&a ara notii^id f ir« Ja&«iai7«»May| 
sodarata in auEiOi 4^ ttly, Saplambar^ e^ombar tM poor In 
tfii^uat ( Sabla 2S ) • 
2» J» liilllil&9 ^» iataaaity of tiia a t i ^ ^ ooittMiita 
in mm ^M aystass of vood parwielursa alao fl^taataa aa 
oi»aarwd ia £• fiUclHii* %• aiial paraadijrMa ooUa^ riod 
la atarcli ara aotioad fros Mar^-^aptaiiliar, so^rata la 
laHmary aad poor ftm Oetoiiar-aaaaaj^, t^Ut i^a ray 
paraa^iaa riali ixt st«r^ oomoalf oeetEt twm lo)irttary*Ciaptaal 
•odarata la Oetobar aad poor frc« Hofoabar»^aaiiarr« Sio 
SAI&K 25 
i»«&tanal variation (b&ttd on 6 s&nplifS) in th9 ttDOt»t of starcr 
«»d twmim in th» xyloa of ^.timtfaSB fiUdAliAi lM»lyBt9f 
'ionttis of 




Jaau&ry S • •• • ••• 
••• 
Ftbruary 3 ••• ••• • • • • • 
March S 
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40 
««eaBtil*tiaA of tannin* la St» THJIIi'^ ittt *2>to vwritt In 
41ff«r«Bt MMODf and i t i t obMrvad ttiat ttia axial |Mtfwi«ii]fBa 
dallf do not ahow rieb aoonmilaticKi of taimlaa turon^iont 
tho yoar at h&ppmB In £» aitglaufi, Ummmr^ ttio oaUa 
•ihibit minor flnetnationa In tho Intantity of tannlnt la 
Aiffortnt aoaaona* 2!io axial j^ aron i^faa oolla oontalnlnf 
nodorata anotnt of tannlna oeour trm <i»gnat«soptoi^ «r« 
poor fron iipril^Jnljr and In llio foat of th9 Bontbti ttiagr 
baeoM eoiBvlettly froo of tannlna* Xha rajra rieb in taanlna 
«ro notieod fron Jnljr-Saptoabarf nodarato fron Kay^ Jina and 
aotol)ar^ov9Bbar and poM froa Januarjr-^ril and i)o«anbav 
( ratto 25 )• 
In tba wood of ^ iaahQian^ tHa axial paronaiijBa eoUa 
eontaining riefe aoounts of star^ aro natiead frw January* 
y»99f aoderato in Juno and Daeocibart and poor frae Jnl/* 
Kovaabar* Him ray ealla having rich atarch contanta oeeur 
froB Janii&r/»JtBie| sodarata ia Daeanbar and poor fros Joljr. 
KoTOBbar* wisilarlyt tha Intansity of tannin dapoaition hat 
boon found to vary in diffuront months of a year* ^e axial 
partQoh3fBa ealla with rioh tannina ara natiead froB «#ril«JaM| 
BOderata in DaetG&bart po^r in Jul/ and ^^ etobar vh Ha in tha 
rast of tha nontSiSf tha ealls ara ooBplataly froa of tannina* 
th9 ray parenehyaa of this spt»eies do aot shov any eh^nga in 
tht actotfiit of tannin aocuealation throughout the year 
( fame 25 )• 
o 
Zlit •tareh «• vtl M tannliif JA th« axial and 
horltgotal 9f»tmm of w«94 49 not s&eii aojr 4ir«et f t la t im* 
sh^ with aaoli otHar la t^ mlmetBd ai^eita* aowafwr, la 
both tha iirttaBai tha aaomt of staroh and taanlna aomonly 
daeraaaas daring tha aetiY<a j^Mm of oashiuB asaayt In 
k^ iiBilUikHUk ^ whiah tha rajr aysta* doaa not raapand at 
a l l to tha aaaaonal ^sagasy aa far aa tha taaaliia ara 
eoneamad C I^bla S6 )» 
Hie tmrm bark is its«d In tt)« pmwmt stwSy to lueludl* 
a l l tiatats l^lai outslid ^e vasenlar eAB&lUM of Hio 
flioidt axit In im •itHor prla«f3r or soeond^^ stato of grow^* 
Xa ^e slioot mxisi ^o lMirlt| ttioroforo, eoeistltutos tiio 
diffofOBt pltloea 6£^0fMntS| th9 $orloyel«| tiie ofidOfSormlty 
the eorfiox mxd the opi^rsisi i^Uo la tho oldor r«fi«R ti^ 
s«eaQ467|r pliloen and tiio pari^ra form tito baric* ExttraaUrt 
tha barie of tha oldar roglcms of the plant axis of 
^ Ql^rl^m is malyf Vimt^ In eolour amd ^•plj eraekadi 
flai^^i gray with ahallov drnprntnimu in ^ JaillStlttft «R4 
Q^ '^ afaeal^ tay tiM bmrk is aaoo^ and i?;r«3r« IntamaUjr, 
i t eonsists of ^reo distinet struetsral sonaa ¥ii»| tha 
GtMidtietIng pliioa% fionec»4tietlag igloos and paridars la 
a l l tha tHraa s^elos* 
*&» eondiMting f^loaa is foimd hmiag siova alasaots 
aeeois^ aQlad vltli ocmpi^ ioii eallS| tha axial pixm^^^xprn^ 
seloranc^jraa and tha rar paranebjpsa In all tkm thraa 
invaatigated Sfiaeiei ( Pl&tas h^mkAlll >• Iha seloront^ iyaia 
Sfstaa, ^ i ^ is pradOBtlaantljr oada tiqi> of fibras In all tha 
thraa spaeias gitas a ^araotaristie look to tha bai^ of 
diffaront apacias* Xn tha bark of |^ i|itria^y selorondii^M 
c 
oeeitrs In s@&ll faa^ielas but In ti^gantial bands latarrt^tad 
^ rsir paronohina eolls C Flats l )• In ^ »aeiilata. 
4o 
seler9aei)yi&a fortm tmkgmtiAllf 9Mp$m0»^ tends In eimewitrie 
rMgs intmrrv^trnd bsr tb* ray paxm&eiiymm c«lls ( Plate XI ) . 
^ £• SiSMlMUk sel®f«&< f^£iA forms fasiel«s of i i f fer tnt 
iiiMasicMis ftrras^d la aeiii«cQ»e«ntrie ordtr (FXfttt A I I 4, 
i)« In tli6 BOfieoodtMtlRi sane of ^ WSUSSiMiSkt &» JlllSlliAft 
and oeeasiooftlly of |^ eltyJBtta Vtm axial paroQ^yaa cal l t 
iMGOtaa sel«rotie and l i i#i l^ anlargod W dowlo^lug distinct 
sseondary wallSi anolotlng a big luasn ( Piatas I I |£CI¥ )« 
tJM pmrWtWM ^%9h fores th« ^ I r d and tlia otttaraost sons 
Is raprasantad W » ^ 1 ^ strip of i^alXais a singia lajrar of 
pbalio^m and a faw lajrars of ptiallodiirm In £• fH^r^aa 
i i^Ula X D ) and ! • i^faoian^ ( ^iata Ul G ) i^Ua Jn 
1* iftqi^ata tha pliallaa tormi a ^ I n strip at the parlj^ary 
of the imrk ( i lata AX c )« .iccunisliiitlan of tha ontar ^ad 
ertast <m the surfaet of th@ steii forisilng a distlnet rhytldoaa 
has Ijaan notload mlf la £» f^ty^m^ and £» i^bo^Ana aad 
not In li» ^eolata, ^ a result of tha farsatlon of dis* 
eontlniK»tss }m% ov^rlapplaf l i ^ r s of sneeassliro psrIMrss 
originating at doepar lavels of th% saeondary i^loas ( Plata 
iC 0 ) laads to the foraatlcm of the outer dead amst in ^ a 
foraar two spaelas* 
Iba mjor part of the adult hark Is noneoRdaetlng In 
nati^ra i»d Is i^da cy> of isalnljr ^ e aslal parenehyaSf ray 
parenehj^ oa, salsrandiyai and oeeasionally a fav daforaed slave 
eleaents In a l l the three Investigated speelis C Plates X, 
4r) 
•XXX }« In ^ aityiami uid ^ iaaboiana,. « f«w aoneaadnetl&t 
•i«v« •l«e«nts r«B»lii intact for aor* than on* 9«ftt«ii and 
Xat«r tsi<l«rgo obXit«ratiaa* B}« eotq^ Milon ealXn ^ov disifit«g-
ratlcxi of thBir prot^latt witi) ^« ftoevnulatioa of doflniUvo 
ealXote on th^ valXs of tloTo^tubt BMslMrs in al l tho ttutm 
spe^loa (Plfttos lU • x n i l )• 
Iha axial and rajr parandxyaui hava varloui aiioimts of 
ergaatie iut»staiieas aooh aa tannlnif starehf and ealeiw 
oxalata ersrstals of dlffarant i^pa and siaa la all* ( Plataa 
Zha oondueting {^oas aititatad adjaeant to oaablwi 
haa b««n aaaljrsad in orAar to find out tha diaonaional 
v&riationa of siava*titi>e sanbara and phloan filirat* Iha 
slaTo-tulta sambars ara found to vary in langth f^ Ott IKUdSS/un 
1& ^ eitrintiaT W0^90U/m in j ^ aacalatAy 8«7-94S/tn ia 
k* JflUSfilfiBt And wi^ an avaraga of 34£| 373 and 506/ito 
raapaetlvalr C Tabla IS6 ) , 
Iba radial and tangantial dianatara of aiava»tttba 
saebara hava baan found to varj f^ oa ii/l8*28/37/tai in 
£• flitrinaa^ 21/15»$«/54/i3B in ii. i^i^ |^,|t^ and 15 /13-47A1/«B 
^ ik* JMlKtllBit vitb an ateraga of 19/^ 49 36/39 and 32/29/iai 
respaetivaly ( labia 26 )• ma loaan aixa of siaira*taba 
a»ibara is foimd mora or lata aqaal in i^ aa^alat^ aod J|« 
i^bolft^^ bat in £• eitrini^ tbeir radial diaaatar happ«ia 
to b» Just half of t)i« otli«r two* HM sto«*»tiibt atalivrs 
«r» noticed to bt moro or lets oqiwl in length In £» littMlffi^  
*i^ ^ &» Jii]b2llGI& ^^ ^ ^*3^ *<^ •ignlfUMitlr short la £• 
citrAniis C Tahlo 26 >• lh« si«vi*tiibo aembtre «rt arrwigtd 
In a linoar P^dor to fom long tuholar path nays for fhod 
transloeatioii In 9X1 i Plates UXV h^ X4.VX 3 )« Iha oad 
vails of tha slava«>tQba at&btrs are eonspieuottaly oblique 
and possets e^ i^pound sieve plates arrsnged In sealarlfors 
order* (Plates x.\V • MVIII), lateral walls of these eleneBts 
are also fo«nd to have ntisMroiis sieve areas through whieh 
lateral eosstuaieatiosi Is a»lntained vlth the eontigiioiit 
eleoents, (Plates AX¥ • UVIU )» Saeh sisve^tabe aasbers 
is found to have one or eore elosely associated eoiqMuiidci 
cells in the different Investigated speeies ( Pl&tes iUV • 
A^mi ) , In al l the ^ree speeies investigated, SQM of the 
sleve*tube wabers are fomd to have tail*like projeeticnt 
i^loh appear to have bewn produeed dye to Intrusive growth* 
Measoreasnts of axial and ray parsndiyna oells in 
oondtietlng and noneonduetlng phloem have shown that they are 
smaller In the foraer ^an la the latter and as a result 
the^ tr«!iaeeti«ial as well as tangential area is found to 
be hi^er In nonooadueting ^loesi than In the eoaduotlng 
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d9m*lmgtii of phl9m fibrM and ISiolr Icag^ eoi^trlstti 
v i ^ laother iniUAlf in th« 8«l«etrl sp«cl«s« liguret 









l i ^ e lengtli/ 
Ittiifora 
i a l t l a l length 
^ffllUttaiagi 666 ( a6D»775 ) 91D < 270.Xn6 ) U6 
491 €90 ( 27D-1170 ) U4 
790 1S30 
( 368*11€8 ) ( ^0*1^2 ) 2«d 
• Beted on 300 reedlnge. 
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2h« phloom rajrs of tbm eondueting phlosc! to tangentiiO. 
sttctlofts haw b§0B taalyscd and fotmd that mtty vary la 
he i^t trim 1*38 e«Il8 In ^ ffitr^n^^ i«g9 e«Ut la £• 
ffiaeal&t^ and 1«65 o«Us In ^ ImMMHIi v^U* ^air vidth 
trim 1*5| 2 ^ and li»S ealla raspaetifaly. AO analysia of 
tht ralativa fra i^umey of sii«rt| tmdivm and tall raya tiaa 
rovaalad that 78^ ahort rays oeeur in g^ eitfinuay 70^ la 
oaas eoastittita about Z&A^ Zap aad 4Qp raspectivtly, Iha 
tall raya happaa to ba vary rar« In ^ ftitginiia aad & aaeuiata 
aad eoostituta only about A^^ of tha totalf vbila la 
I^ JAilK^ LiaA* thay auatoar up to 23|« al&Uarly, the fraqutaey 
of unl| biy trl and sulti-aarlata rays has bsan aaalysad 
aad found that la gi, ftitr^nua about 7Qi rays ar« uaiaariatay 
43 C aad 25% in i^ aa^olata and i» iAmhQi*na roapaotlvoly. 
the bi and trl-sarlata raya tofothar eonstltuta 30i la 
I^ a culti-aerlate rays are fotaid to fore about 2i la £• gitfli^oa 
l^ ^ y Safilil&ia i>a<S -l®^  ^ k* imlMmik* l^ua, tha tall 
aad broad rays have btea found aore frequant la ^ laabolaaa 
than in others* k sialliir analysis of VM noneonduetlAg 
phloesi haa revealed that the short rays eonatituta about 74^ 
In ^ ftUdaMs 3B^  in ^. mS3dSi%A sfl^ d 35^ la i» j«|fili&A 
of the total count In an unit area* 2ha aediun rt^B tf* 
Observed &4> In ^ fiiJuUBBit 3^^ in i^ t^ iH|^ i||^  a^ ^ about 
52 
39.$ In s» iftgllSlla&i. ^ i l « the tall rayt 9xm iiotJLe«4 a^ cmt 
^1 ^ £^  gity^iig and 11^  aaet^^ta aii4 261 In ^ ifii&tliaft-
bisUarly ^n f^laiivt &l>t»<iaiie« of mif ^^ t ^'^ «^ ^ mtilti* 
a«7iat9 wskfs hm9 tm@n axml^md f>er xmit Ai«a and i t if 
QOtiead ^at wiUaarlntft rays eo&stituta about 7Q^i of tba 
total eatmt In £# ^4ty^ya|, SOI la ^ a^eniata tm& 27jS la 
k.* iM S^lMHI* ^^ bVs«flata rays ^ociatittita about 11$ 
tf Ws^rla^ Fdys )B'I la |;,» cityiattiy 9;l In *^ a e^i|l&ttt> 33^ 
i^ ^ L^  iiS^ZliHA v^il-* sultlsarlata rays fore a fraction an4 
eon@tiltit« I and 2$ la J^ , f^ pyl^ &ia tmH £• < f^^ ii^ a« 
rssp«eti^ly« i^ilt In i , Jaaboljna t^ ay eonstittitt about 
20;' of th0 total* fh« htiflit of t!ie rays has bt@n found 
to mry from l^ dS ooUs in £• fiUdliilii 1^9 o#iia In 
l9 E f^ftilati^  and i<»74 oalls in «^ ilillSl^ ysilkl i^iio ^®ir 
wiAm hM baan sotioad to vary twm 1*5 oaUs In £« gjtrl^ua^ 
i»4 eaiis in J^* ^ot^^fii and 1*6 cells in i^ *^ ifil^^liiHir 
In ri41&X lor.4'ltuilaal s«ctio^S| th^ rayi appsar as 
ho&aeallular, conposad of caly proeusbant ^ l l s la ^ 
ff§gu^%t^ md hataroetllular, eoeposad of proQu&bmt «t4 
upright ealls la |L* elrtrl?iu8 and ^ 3am^^a|^. tkm 
bataroeallular rays &pt having uprigjit calls en thtir 
sarglns and occasionally th^ t^rlgbt (^lls also oeew 
5 f » o 
ASOQg tli« |»roe«^ &«&t o«U» ( Fl&tes ikXI t^ MVX 4,1 )« 
^%4 
throuf^ tuft bArkt as iMll *a ^o mmttk%»^ fibres, ta f ia s 
slioif liiat la all tha IHraa speeiaB studtad, tiia bast fil»rat 
ara af m« librlf<»>s tjrpa* Ihair isc i^^ alogsr and blstodtia£iie«i 
raaetlms ta pbloragltielnol tf*ci sftfra&ia ludieata th&t tliay 
hava isilarg&ne apieal along&tloo ta tl^ m^m^&tf pti«sa af 
their dlffertatiatlee aftar t»5e first pliasa of satiiratian, 
Hia ifltpaal^ly e?0wn a^ l^cal p&tth aire fsnarallr foimd to 
pastasfi e^i^iirativaljr thin eallulosa v&lls etielo^ing 
eoL'-paratitrely ^ig^ar IM»C| rich Is eytoplaiirie eonttnts* 
«iK^ apie#» are foun<t having v&ploas typas of strtsetuoral 
B«nlf#stittic^S| u^ch as sarr&tloEiS| fork^gs, ho^s, ixmdings 
ate* 
11^  pblota fibras of tht ooadtteti&g as vsU as 
nofie^edt^tlng phloas hafa bean analjrtad asid thajr hava toiB 
fomd to vary in limf^ firos 27d»X716/'Q@ in £• ^^tyia^y 
and in vidth fro» 9«48/fiBi, 23*^/UB «ad 3«6i/aa respdetivaly 
C fabla £f K A a^i»ari8aii of filsra laagtli avaraga witai 
that of fotiforis iaitiala hm s^ ows th&t tha f^mar has 
grovQ |«4 to 2.Z tiiMt otmr tha la&g^ of thair raapaetivt 
aa^&ial initialf is tha tpoeiss iafastigatad ( T«hla M K 
m «iaiysi9 &t ^« eofidaetliig {thlesii of VtM <liff«Mnt 
iav«t%ig«t«dl apveift la lr«aMe%ioiml vitv hat f«v««l»i 
jiftf«ai^ jrat 13.^ , astf aai ^ l | tlie iritr pif«B^ M a^A 41l« 33l 
aim 321$ «id •el«f«ii^]r»a lil^ 10^ ma ISl of «ito total 
tr«EiMoti3iial afoa rosptetivtljr* ^ taai^tial pXtm al i 
^0 rar t^]p99 tagotlior ham hmn foima to oeeupy about 321 
aroa In £• ffi|.tyittyf|, 29l la ^ B&fial^ ta an^ 47^ In 
5b 
tim •trueturaJl eliaagts of ^« phlwm hmv titen ttudliid 
in t!M ftXiss af dlfftrmt glrtti from tii« SSM tr«« «t ilff«r«&t 
h«i|^t Uvtit* ttm dlffersnt eofi|»oiMints of tho phlooa 
lAoludlng th« sltv»*tiite Maters ftfo found TofySnt v l ^ tli» 
girth of VM ftxes, Iho langldi of tS«ve«»tute atatert shows 
A eorrospondSng InersauM vll^ tho Inersftso In t^o staa 
elretaiftr«io0* Ihus, short sisv* oXoosats 9f mom frsqnsnt 
in ths young shoots than in tht oldor oots* Ihe avsrags 
siso of 8iov»«tute asisbors fotmd In tho enrrant f§at shoots 
rasasuro 2a0/aB In gm ei^yiiniS|. 2^t^tm in ^ ifaetilatM and 
319/UR In £» liffi&glMllt wiiUo txisir sixo In adult trtmks 
aaasurt ti^to 40l^usi| dtOyUa and 630/iis rospoetifvljr { fablo 
29 )• 2h« gradual Ineroaso in tho sioo of siofv^tiite nssters 
i s soon folloMd i^ eonstitney aftor t^leh thoro i s no ftarthor 
ineroaso vilh tho inorsaso in tho girth of ths staa axis* 
In al l tho throo easas i t is ohsorvsd that th« avsraga siae 
of tho siavs-tiate asaters sioelinas noar th6 ground lofol* 
alaiiar stadias on tho Itman siso of sievo^tute staters havs 
rovaalod that the radial and tangantial diaastors in tho 
shoots also Inersasos vlth tha ineroasing dlaastor of tho 
axis* »iis ineroftsa in Itnan siia is a gradual proooss and 
T43L^ 29 
Qtiangds in the tl«v« tub« l«igth C as • • •o In oMtraWd 
•iiiipX«a) along tbe axia of varying girtii. Ilgtvaa vithin 




?tft gf ffJliff tM&ti (/^"^ 










i 170-360 ) 
367 
< 171-572 ) 
377 
( 216.607 ) 
3S0 
( 199-6^ ) 
382 
( 210-478 ) 
401 
( aSO-668 ) 
345 
( 243-459 ) 
S61 
( 145-31D > 
239 
i 145-4:^ ) 
313 
( 213-^8 } 
350 
i 1^0-5^ ) 
370 { 261^10 ) 
390 ( 1^1*596 ) 
365 
( li^-600 ) 
370 
( 250-503 ) 
334 
( 390-551 ) 
319 ( 1S5-43S } 
340 
< 21S-652 ) 
506 
( 201-795 ) 
552 
( 210-781 ) 
564 ( ^1^923 ) 
498 ( 24^-825 } 
510 
( 201-940 ) 
530 
( 2 9 0 - 8 ^ ) 
468 
( 280-859 ) 
• aasad on 500 raadinga* 
4 
soon I t bmcmna eonitaot. Follwlag tHU, no •igairiemt 
ebuiit to •UM takftt pl«e« witti furthtr liief««ft to f lw of 
th« trwik* aw *w»*i* radial •»<* Iw i tBtUl diwit t r f «i« 
MMurtd WVi/m to £, fiitliattli 15/15/ua to fi, aiSlllft^ •«* 
WVi/m to i^ JilbSiUlUI ^ current ytar ihooti, a « 
tanftnttol dlawitar hat fewm fomd alwors h l ^ r tom ttit 
radial QM IrTa^^dtiva of tH« girth of th« axis to ^ 
aitytoaa^ whiit to Jgi^  i^ ftBiata^ tht radial and tangthtlal 
diaattari ara fouad a«pt or la«« aqual, only to th« curwwt 
yaar flhoot tmt to th« oldar axas, tht radial diasottr txeaadt 
th« tangaRtial out* Xii ^ i^ffitPO f^flllt ^< ndtol at m i l at 
ta&iontial dlaMtart ara fmnd alsost aqtial to a l l tha tanplat 
Irratpaetiva of tha aia or tisa of tha tmik* In a l l tha 
tovaatlgalad spaetoty tha aarroif ttov»«tuba amibart ara fotmd 
to evrrMt yaar ahoott* ^ eorrttpoodtog toaraata to tha 
Ivmm alta of atofa*tttba Mtihtrt i t aottoad with tha inoraaaa 
to tha girth of tha aiat of al l ttia thr— tpaetot ( tahla 30 ) • 
In a l l tha ^ra« taaas tovaatigatad, sona of tha 
stova t^uba WRbors ara fmmd showtog todtoatioaa to hava htan 
gronB totruslYttly* Su^ etonantt ara foimd dafaloptog ta i l * 
Ilka bodtoa of Tarytog aiaa • 
Iha atovt-tttht alam&ts ara alvaya fotnd tnallar ttim 
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5 VI 
'£hm ftv«r»t« Iwigth of tti« ]»hlo0B fito«s at dlff«fotit 
locations from tn« eaabltas vithin th« b«rk ntasor* fpo« 
d0a.lld3/t»i is ^ fitylntta^ S90.3S4/tia In y fftealmta and 
I510»]ax0/usi in '^ if^bolana dipasdlng <KI its r«lativ« 
position froB eamliit»» In ^ |^.ti>inaa> ^e filartt l«ngtls 
eontinuas to inei^asef as the position advanots from tlui 
oa£i>iue towards the periphair of tha b&rk ( ligm IS )« 
in thm rosining two species, tiie fi&«ea rat»4 Mar thm 
e&KbiUfi are obsorTod to be lon^r ttim tho»e situated at 
the perif^err of the bark* Ihe eaxinos average l«sfth of 
fibres is obt&ioed soeiewhere near the aiddle of the baric 
^ £ti» faaoalatii and |^ ifB^^Ima. Ihe fibre leaith is fotnd 
to experlsiiee several rise and falls as the positi<m advanees 
airay fraa the cacbittss* 
Ihe phXoeffi raysi like their sothor Initials Sn tlie 
caffibiom, differ in height and width with the age of the axis 
in ^e secondary phloee* Xhey are foond to vary in height 
froa 1»:K> cells in £^  aitginus. US7 cells in K, aaaalata, 
1*65 cells in i^ i^boia^ and in width troe l»4| l«6 and 1*6 
cells respectively, me rays are fomd Invariably taller 
and broader in the older trmks than in the younger shoots 
O igs. 19 and D^ ) and as a oonsequmee the rays occupy 
greater area In older trunks thm in the yomger enes. 
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FIG.18 DISTANCE FROM CAMBIUM (m m) 
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UNI-SERIATE f l TRI-SERIATE 
ffl I BI-SERIATE • MULTI-SERIATE 
EUGENIA JAMBOLANA 







Q^i la IL IL| ffli 1 r 10 20 5 0 80 ]]0 140 180 
CIRCUMFERENCE IN cm 
5a 
m analysis of thm tr«iif®eti(ma of ^w I ^ M B mmplMB 
eoii9el«4 f!r<» ttm axis of vi»ryliii diaatlaf liaa f«v«sl«d 
^ a t t^y aiffttF la Hiair eoi^oiMiits to toast axfeMit Is tlia 
dlffoMRl samples* Hit tltf»*tiibt area is aotioed to vafjr 
irm& l^t3Xi in £• fiUdasOf X7»23| la ^ aaeiilat* tad 
B«^8^ la i^ |aiil>oiaiia$ tkm axial par«idiya& froa 16^0$^ 
23«37ii 23*301 md the rt^ pareaeHyiaa f»o@ 21«>3Sll| m»3S$f 
23*32^ respectively vhile ttie telereaeh^naa fr«i i4Ul7$ la 
y^  f^ lylg^o t^ 37«^^ la £» t^ i^^ ati^  aadi ^ ^MlWMIi (^^* D^< 
Ibe taomt of phl9@» In £• qltrlq^f leitl ^ JiffiltSlliUkf 
oonslderal}!^ iaereases with me laetease la tiMi dlaatter 
of ^ e axlSy vhUe ibn ^  aat^ alat^  ^ I s gradual laereate It 
aot SO Sharp* Ibe a@otxit of axial par^ohyaa It found 
deereaslaf v l ^ ti^e laerease la ^m age of the axit la all 
^ e three tpeelet lavettlga^d* On the o^ier htad^ the area 
oeeti|»led W the rt^ pmrenehy@a goet im laereaslag v i ^ the 
laereate in the dlaneter of ^e shoot axlt tad seen a 
eoosistaaejT eoms iato helag aad ao tlfaiflotat ehaage la 
the aaomt of pareaeh|«a tateet plaee* Ihe tstooit of 
solerea^irsa sli^tlir laereates la ^le btflaalag tad 
stahillies a l i t t l e later la £» e^^^t^ tad i^ Itfililftl^i 
ifhUe la ^ Jaabolaaa^ ta laltlal deereaie Is followed IQT 
a eoRslstanc^ at a later stage* 
59 
In tsngontial lonfltndlnAl 9totion«, th« p«ro«&tafi 
lU ftUlJaaftt ^^99^ 3A i^ i^eaii|t4 and 25-^2< in £• 
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^ ^ ^ ^ no 
H r--i c 140 1B0 
FIG 22 CIRCUMFERENCE IN cm. 
GO 
bmn mvkkfmd In ^ « ffion^iljr e9ll«GtloR« la ordtt to tiM 
otil m$ AiaimBl<m§X wufS^tim* In t^« sis* of titvi^tttbt 
•l«B»titt| wfl^mnt^iymtkf axial and ray paaran i^jr&a prodiiead 
in diffarant aaasant. tim mm& laagtii of aiafa-tiiba aasbars 
has liaaa fomd to Yarr ^ ^ 3C^*4|6/tai la £» ^^^|ni^y 
3d4*4^/t«i In ^ M f i i M i <a«l 3i4*653/iffi In i» I ^ ^ I M I M 
( labia 31 ) I tha lasaa jra4ial m^ ta»iti it ial iiaaatars 
trm U/M%-2B/M/m^ dS;/i3»4€/3S/iia and l^/2S-^/36/U3i 
raspaetivoljr la th» i i f fatanl laoatlis of a ealaodar ^ a r 
( tabla 32 )« 
I t is avidaat frois rat)l@ 31 that t^a locigaf alaaanta 
oeei«r sofa fyttquamtli' ft'o^ Fa^rti&9^«>i^ril fl»d la Nofaaliary 
e(mp»rutimly siort ooas In tha rast of tiia sooths la 
&• eitylaQa* ia j ^ iifiVililfii «^> Ic^egar alaaoats ara aotioad 
£iOf« ia Mari^i aotohar aad MovatsteF aad th9 short oitas 
ia ^ a o^ar son tha* In ^^  iaabol^a^. tha longer alaaeats 
ara aotioad fra(|i»iatl:r la ^^^ril and tha saallar 9m9 In 
Jmai vhUa la rast of ^ a mmtb* ^m avarap langth of tha 
. l . » . t » l » 5 > • fo«d ntylng fMo «S«M57/U». s . . i g B m e « » 
Qhttaga is notiead la tha liaawi siaa of tha siofa alaaaiits 
in diffaraat saaaons* 
^oasodftX eh&nsos in th« e« l l liRgtli of sitv«-tii!it a^iborsCas 






















C 315*43.1 > 
3 ^ 
C 8ID-^§0 ) 
4 i0 
< ai5*@S3 ) 
337 
( IIB.464 ) 
3 ^ 
( a?9.4]p ) 
422 
( 319*530 ) 
3 ^ 
C 8'^J»495 > 
3® ( tB*92D > 
370 
( 2il.*5CB ) 
331 ( 10O«5S1 ) 
:^so 
( M»-«51 ) 
375 
( ^0»«)2 ) 
407 ( ^ )3*5^ > 
432 
C 2@]^(B ) 





















« i a f ^ m 300 rtadingt. 
'IABUK m 
'im&Moskal chan.jes in the Iwsim s i s t oS sieve-ta!)« iiMibersCat 
Men in the tribseetlod&I iriew) in thi? s e l e c t s $ p ^ i « s , 
l igures witiilii parctitheses indicate the rMige« 


























25 (2X 4^35) 
23 
( l§ -30 ) 
23 (1B.2S) 















































































*.iaee«l m 300 readiiiigst 
Gi 
SiiiUar otisertratiotis on i^ lo«ffi fil»«» Is eoiidiietliii 
mkd iic%ie3fi4i^ tlsii I^ ICMIIS iiaw f«ip»ftl«d that «li« tibv 
ate fQmka to irarr la l^gtti froa 2f70*]7X6^ iia la £^ ^itgto^^ 
27o»n7a/v^ In IP iafiiiiai^ «id m^^zm^/m in ^ jy^t^Mia 
irl^ an avsragd va^lnt from 74^%Qm/mkf mi^mmt/vm mS. 
1510»3SiO/Vii f«speeti^ljr C tmhl% 33 )» MMth Mast^aimits 
have also tAimm ^at i t varl«9 ki atrsraga f^c^ UP«»29/i» in 
&# fiUytl&Mf B-3X/^ in ^ §fQi^^^ md |.7«3@/UIB IB 
ii* j^fa^laaa ( lalal® 34 }• It l i a l^dtent tram tHa data 
obtalnaa In tkiU fogard ( liiliU 33 ) that lon^r tlaaanta 
oeeur mora fraQuently la ^pril m4. ^eae^btr la £• aitgiatja^ 
In .lovaiBliar in i«i i^ i^ i^ i^ t&y trom '^.ay-Jma and J^aeaabtr la 
hi> ^MMlSS^MJSkt «^li« t^ i^  S'^ e^ rt m»& la the rest of tlia laffitliStt 
t^^9 d& siiows ^a aiaouat of ttaroli and taanlas i^rtsaat 
In axial and raf parenolijim Sn ^a difftrtat nMXiltis of a 
ealoadar foar in al l tha tiiroo sp«el«s tovottlgattd. tho 
aitouat of aoGUi&al&tlQR of stareh aad taimifaroaa tuliitanoot 
has oaan fomd elosaly ralatad to th« oaablal aetiiritf* la 
fill the thfM laiwstigattd s|»eeleS| tha eoUs 9hmi poor 
aeonBtttlitiaa or soBifilata abi^seo of thaso tabstaaiog darlag 
tha aetiva ph&m of e^nim i^Ua tuey art al»«Bda»t daring 
tho doraaat ^riod« 
lAiJL-^ 3 3 
i^ «asc»ial changes In the leagth of phloem fibres («i seen ia 
Bk&eerated sas^lea) al the eeleeted ipeeies* llgiiret vithia 


















( 62<U13<>2 ) 
753 
( 2a9*ia92 ) 
1D98 ( 2'^3*1716 ) 
705 
( 330-X154 ) 
995 
( 671.1264 ) 
743 
( 468*1243 ) 
817 ( 281*1^16 ) 
( 46B.1341 ) 
883 
( 234.1373 ) 
330 
( 546.1326 ) 
1332 
C 503-1432 ) 
of fihree in /tta 
718 
( 234.1092 ) 
7(^ 
674 
( 343- 305 ) 
665 ( 34D- 300 ) 
600 
( 27V1014 i 
605 
( 237- vB58 ) 
647 
( 343-1092 ) 
750 
( 32B-113S ) 
6B6 
( 403-1030 ) 
755 
( 330-1060 ) 
891 
( 312-1170 ) 
731 
( 46B-1123 ) 
^ g i p i e 
<aBti<;>lrffna 
1700 
< 3»>«1900 ) 
1623 
< 487-1371 } 
1673 
( 380-2134 > 
1S75 
( 390-2100 ) 
1360 
( 38V2134 ) 
1320 
( 408-2190 ) 
1510 
( 330-2106 ) 
15S0 
( 401-2106 ) 
1320 
( 384-2662 ) 
1590 
( 339-2170 ) 
1565 
( 375-2130 } 
1811 
( 343-2186 } 
«iiased on 300 readings. 
TAMM?. 34 
^•&sixial ehmg%9 in tli« vldtli of pblcHia tiWt (•• •••» im 















































( 16*23 ) 
3X 
( 1^32 } 
31 
< 15-32 > 
81» 




( i a .8g > 
C 16-^2 ) 
23 
C lS-31 ) 
( 1 6 ^ 2 ) 
C 16*31 ) 
l i 




























( 14.45 ) 
31 
C 16-47 ) 
« Jfts«d a; 300 r«adiogt. 
XAJLL 35 
S«A8oiiaI variation {^3«4 on six Bmiplmt ia th« ftttomt of star^ 
and tai^ filBS in the eODdtiettof phloea of toloetod tpocios itving 
HOQtht 
Jimaary 
l e ^ u a r f 
Hareh 
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Htm ol>MrT«tiQni <m st«roli end taimif^ Broiif eootMitf 
in l>atlt th0 r&y fti «*ll u •zlal paMQ^iyM of iioaeo»4tietiiic 
phlMBt Imvo thovn th&t tli« aaomt of AeeumnlatiQii fluetiuittt 
fro« aontli to aontti in oi l tho ^roo iafoitigfttod tfioeiot* 
Howovtrt ^of 40 not oxMtlr foUov Vam ragr md axUX 
paronobyM oolls of tHo eoodootlag pHlooa ( Xiblo 36 )• 
33io Igloos raart bavt teon fooiA to vary i& both 
eonduetliic as noU aa noneoBdiietlag plilota In haight meA 
width in a l l tha thraa l&vastigatad spaoiat* Mieroseopie 
axaainatioii of tha ioaadiata phlolcdarivativaa ia fortnis^t* 
\f oollaetions dtsriag 11976 has ahoan that tha ahort raya 
vary frOB 66«84^ ia £» ^Ityiinfff 89»79^ In & ^anJAt^ «nd 
26»43i in & JfliiuUjai} tha aadiw from Id-^asl, 10.381S 
and ^-531 «id ta l l ooaa froa l*4l | \^% and 15*341 
ratpaetivaly ( iig« %% ) , iiiiailar variationa ara notiead 
in thalr vidth. Iha uniaoriata rays ara fotnd to vary froa 
64.73IS in ^ eitrinuiy 38^ .^54^  In ^ «^ttl«^ and 20*31^ In 
y 4iik!llaBM tha biaariata fyos 8*16^, dS.53)l and 13*30^1 
tha triaarUta f^ om I4.23i;« 5*16^ wd 30-45^| and wiltiaariata 
onas frOB li^$« \Ji,$ ttd 13»^ 1% raapaetivaly <f ig, 24 )• 
^^ I» •^ Q^^ f^^  ^ort raya oeaur aora ftoqoa&tly f rw 
Saptaabaf^ ovaaibar and wiaariata m%u trm OetobaiwHovwabar, 
i^ila in othara, tia ray p<^ulatign doas not imov mxj^ 
so 
PERCENT PHLOEM RAYS 
CONDUCTING PHLOEM 
:• SHOR' MEDIUM "ALL 
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itaso&al •ariaUon (based on six 9mmUM) in the a^momt ot storeh 
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G3 
aifBlflo«nt fluet»iitl<» witH «»• s«*»«aAl ^«nst» Uiw>«t 
a tlsUar t»«ad ©^  vwrUtloo has be«i notio^d to the 
ntmcoaawttng i^o«m of th« tot««Us*t«4 tptei^i ( ^M9* 25 
and 26 )• 
Eitlafttion of tht dlfftwot e«apoii«nti of caodaottof 
phLooby la roaid tho yoar eolloctioR^ hat ahowi that tot 
8i«««.tute troa varioi froa 2S.35> to £, A^llUiai 80-83^ 
to i , AMSijllA «id 84*aO|S to j , . JAeHSlttit ^^ Mlif«aohr«* 
frott 14»17|| 14-25^ and 15-21>| th9 axial paranahyaa fpo« 
8-211, X7-af?^  and X7.2?^| aad ray i»attnrtiy»a f»«3 35-44;C, 
25^21 i»d 29^35^ fBp&ttlVlf ( lig* 27 >• 
Iho saxtoOB tranaoetional atow tuba araa has baan 
fotad to May «id Octoba? to £. fiiilxllUtai (30^> « • » of 
siava tttbaa to Hay ud to Noveabar to ^ iffft^^y^. 
^ •aisiilat^ ,^  araa of aiaw tittes has not shovn any signlf leant 
aaasonal variation as notiead to othara ( I i s . 27 )• 
^stiaatiOB of ^le araa of rays to eondooting s^ hioaa 
to tang^tlal plana, to round tha yaar eoUaetiooa, has ^ow 
teat i t vartos froa 28-44^ to £. flityii||^y 24.41 i to ji. 
mslMiOk snd sum to i^ immjm < ^M. as >• ^ siaUar 
astisation of rays to tha nonoandtiettog phloaa has siioMi that 
tha surfaea araa oeei^tod W ray ealls vartos aora or lass 
to tha saiss mannar aa thay did to tha aonduettog i^oas 
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HM v»»cttl«r emUm to all tl» teir»»tifAt«d iptcUa 
Hii(i«rgo*» <i«f tolU iierlodi of pe»t «»<4 actlvltf durteg a 
ea«ii<tar y«w« »ortof th« doratfit »tag«» %h* casbia loot 
la mpvmnUd t^ « Bwrrw «on« of Ungwitlally flatt«iHi<l 
c tUi ©onstltutSag of 2-5 liyt»9 to £% fiilEiom < ^ ^a^ 
AUX*A), 5.11 to i , aaSBlilik »nd a.6 to ii, Jlffi&SLlBA C ^^*« 
AAJC i^3). ©!» radUl wmlli of eaabtol coll i durtog dor»«at 
ttftgo «r« fouei4 eo&pftrativtly thiekor thaa viiat toof f 
durtog ttio aetliFO pbaso. In t«iig«nt;Ul •tow th« radtol iiftlXf 
«ro found prontoontljr btadod di»rtog tfao rosttog portod 
( PUtmu lY, A^D.t VI, <4 ) duo to tiio alloroAt«ly thtokOMd 
•rofto i»d tho doopljr dtprosaod prtoarjr pit ftoldS| ^roiigli 
vhieh tho7 eoK«»io«to l^ piasssodosst&ta eormoetiaot vith ^M 
eoQtig^mo oloaonts. ProlopUsKle ooottats, toelydtog tht 
aucltus, are foond rolatlioly 4aiiM durteg dorMH^, 1^ 
My toitials as* fomd aeetsataattog sort taaatoa ( Platos 
l*U) and star^ dartog dorasant period and stato dark. Iho 
foslfora e^bl&i ©tlla dwtog teoir aetiva phaao posaoaa 
rol&tivtly thto and aloost snootti radial nillg due to tS^ 
abaenct of thiektaad .roaa, altttnattog « i ^ nm priwry pit 
rtoXd. ( Platea UU ) . IH. , « ^ , ^ , ^ , , ^ ^ ^ ^^^^ 
i f at all preaant durtog the aetit . p^nod, to not ao proato«it 
Go 
«• in th« doniABt p«rlod, Ihe eaetiiftl son* «t a vhoU 
during tarn activ* fhum takai llftit stain Am to tha aDrnmea 
of eoloufad eontasts and lots of oliroaatieiOjf of protoplaMi 
( Flatas UVilli U^^^ni )• 
Iha vaseolar easOjiua In aU tha thraa spaeiai appears 
to undorgo aetii^tion aaoe k\ a yoa?, aftar indergoing a 
dafinita period of rast* ilie first sign of actlvltr appaars 
in July in g^  oitriniia> in nugutt in £» itVi*!^ !^fi &^ ^ ^ '^A/ 
^ i^ 4dilAiU&&* ^^ cells in the oanbial zono mdargo 
radlia axpansloo in tho first vask of July in £» i^itrinas 
( Platas U,lim^^ XJuai ) in the first waak of August in 
'&• sta^ Ql*tta and in tha third or fourth \m9k of Msy in ^ 
liiIiS<yiUk ( ^'latas XyUCy <UJaXl i«*C )• 4S a rasult of 
this anlargcaent, tb« oasbial tooa snails up fron SO/UB to 
26/Us) in ^ oi^in^^ ( i-latas JUlX*a, ^OXl )« fros 7D/as 
to d5/uc in j|g» a^auiata and 30/Vtti to 42/Uii in ^ litt&9liai 
C Flato ..^^C )• 
^ £• eityinm^ ths aalls start dividing in tho last 
wosic of July i^ioh eausos s» ineroasa in tha layars of asUa 
froa 2«4 to 3*6 ( Plata O^XiuCi 0} vhila in ^ aa»nlatA 
eaabial osll division hagins from HM sooond weak of August, 
incraasing tha nuBhsr of essbial l i ^ r s froa 5«n to d^id 
( puts ^Ul )• SisdUlariy, in J» iMMflBA ^« • •Us start 
dividing in tiia first uaak of Juna during 1977 and 1978 and 
bo 
• bit ImU In ^76, MtMlag m IneiwftM In ! ^ lajrtrs of 
esatbiUB from 3-5 to 6.10 ( PUto iUA.0 )• Hit oovly 
]>roatiooa d»rlvfttifitt difTorontiato first Into xylary 
•UnttnU In all tho ttiroo tpooiis at a foauit of vhl^ 
about IDO/Vte of Xfloa Is btlng ad(!«4 In £• ftitginaa ( I l^atos 
AJUIV, XJUV^ Afi ) in tStM emth of August, about yaO/m in 
i^ fs^Qllt^ ( Platas uxn^ UXni ^C } in Soptaabor and 
about 300/t3s la |^ 4ii&2lja& ^^  ^wa ( PUtaa AXIIIX^D, 
iUJiVIXX ^C >• In £» ^i^inii^ and ^ i^b^Mia, tho produotion 
of xjrlan ooEitinws up to datobar and in ||» jflfiBliti ^^  
eontinuss upto th0 last waak of fabruarf* 
Iba pbloas produotion, out of tha navly produead 
eanbial dcrivativaa, is obsarvsd In tha stontb of Oetober In 
£• jtityinQs ( Plata LiMM -C >| tnm Hovtabsr to oaaaabar In 
&» jftfBlalft ( ^Ista WLni •!)) snd froB Oetotwr to Kovaabor 
to 1» li^bolMia ( Plata wUiVZII J.G). 
n^ £« ciftylB^fy the eaBbiun turns d^ramt during tha 
la^e October and In !«• 3ambo?.^ f in tba last naak of Hosaabar, 
wbila In 4^  aaeul&fai donfianejr is attalnad In Harab* Xbus ^a 
aambiUB rsiialns aetiva for about 3 montba In £• MJUUMM^ 
7 mon^s in ii^  aaaulata rid 6 tsonths In ^ laahoiana. 
^^^^ ^^^^^^^^^^^^^^^^^» ^^^' W^MSaSBMHHIHHMa^ 
Iha total ai30tnt of xsrlaa produead during 1976, 1977 
and 1973 is ntasured about 400i>430/«ai In £• aitglnoa^ 
whll* the totfti pHlovsi prodnetioa is aotie*^ AlMiiit 850/i» 
^ fi# gitglnttBy Abottt 300/iis taeti In ^ gMaaiAta and «boot 
3S0/ti& in ^ ittabol^ aaa, ||M» qnantmi of pbloom prodUMd 
during th« jfocrt of invostigation i«e«t 1976, 1977 and 1973 
is foiad i3or« or loss OQH&I In all ^« throe investigatod 
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l«ang«ylty of phioaat 
Q^ fiitylnm toeoMi aotiw in «ttgti«t| lit jUffiUlili la 
^•ptsi&tor «aa ^ JMfttiQlanfc in Jmtt* But in ^ immhtAaam 
iA<t £^  ftUcilUttf w^ ^^  btfor* th« eoBMno^ HHit of eanbiftl 
aetivltjTt a f«w lasrora of aoir phlots eoM into oxlstocioo 
la A^riX m^ «ar yotpoetivoly* Ihls part of plilooBi tho 
prooiir307 tjrp«| ^p»«r» to havo 4»volopod fros tho o«tor 
derlYatlvos of t^ « canisiiit&i pradueod At the eloao of tlio 
proTiottfi growth sonsoc and wxao^  f«malxiod ia uadlffofoatiatod 
or partially dlfforoatiatad statt* Ih9 precursor phloaa 
astouats to at>out €0/iia ia £• oitfintia «nd SO/Ua ia j ^ JAltQliBA* 
Iho actual additioo of eurroat/oar phlots seafaring l^/om 
ia dop^ oecurs in viotabtr 1^  i^ « gitrinus aad frois aet<>b«r* 
^ovasbar ia ^ ^jilltillilH- la ii» aaeulata phloaa differoa-
tlataa only oaea ia a aaloadar yaar i«®*t f^oa Kovoaber-
i)aeaatitr« Ia thi« apaeiasy ao praeursor phXoaa forssatioQ 
takat plaaa ( lig* 3£ )• lUa pr«6ors<» ^loam of ^ eitrJntifi 
baeo»ts aoa-fitiotlQaal in i^ctobar uhda the aurroct yaar 
phloan ia prodttoad* JShm^ th& praeursor phloaa ftnotiaaa 
oaly for about 6 cooaths ia ^ aitrimif. Out of tba oturwit 
jraar phloaa of ij^/iisi only about 40/tn raaains fmetiaaal 
apto Hay i«a,, for about d soatba ( Ilg, 3£ )t wliUa tba 
G9 
f9X goftf non-fmotioned vlthin a mmth of iU prodiietimi 
l , c , ^ the first WNik of DooonlMir ( PUte £^V )• Sw 
aeettaalatioB of dofinitivo e«ll0f« In the $i«f« plates at 
vail as OR tha lataral valla of slava alaiaents ( Plata r.Jini ) 
raodars triaa to go ooiKfUEietiaiial* 
^Isiliarljr in ^ iaa^SdMUkt ^^ pfoeursor phloaas 
prodoead i&3/vm) in 4^rU bacooas noo^ftsietioaal In Oetobart 
4ast liefora tha eurrant y^r pbloa@ la prodoead* llmsi tba 
praatirsor i^lota kk um iaabolai^ ^ raoalas ftmetloaal for about 
6 aonttis* 
4 ttajor part of tha currant yaar phloaa prodi^ ad diiring 
Qatobar and »ovm\»r tvutis laaetiva during tha wiQtar Bc»tbt 
ia the saaa way as i t hi^ p^a&a in i^ aiti^iauf ( Plata XXV ) 
aad only a narrov atrip situatad adjaoant to tha eaBbiia 
aaotmting upto 60/IIK i& dapth rasaiat aetiva t i l l ^ r i l , i»a«| 
t i l l ttm tiaa tha nav phloam (praoursor tjrpa) is prodiMsad 
{ Plata XXXVIXZ )• Ihosi tha loogavity of ourrant yaar 
phloaa axtands to tha saxiBtia of 6 siontha in ^ inib&liai 
( >ig* 32 )• 
^^ 1* B«ttti^ a |^. vm eisftant yaar phloas la produced ia 
Hovafitier and i>aeaBdiar at tha rata of about 250/Utt par motxth 
C Flata U/MUi) )• But laaving inaida a narrow atrip of 
abaat 60/tt« tha rast of tha aurraot yaar phloa« goat inaetiva 
Dy January dut to tha aoauBiiaatian of daf Inltiva oalloaa 
( Platas JUVIUC, iUVlII, U^VIX ) . Hoaafar, tha snail asotmt 
• u 
of skl09m sitoated adJaMnt to th« oaabiUQ reaaias «etiv« 
tux «3etdber tmxt or t i l l thit new phlo»s Is pr<»duo«d l& 
ilovoater. Thus, th& IcmgtTlty of phloms •xt«nds up to 
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Hi* tty» owUiM vmB i U origin ttm Qify (X48S)« 
Its oellQlAr •^••ap md amtiot «QM frsa ^M @«maii bottnlftt 
of «(i« pMt. a«ilo (sa«8) lii9!MiAt to b« tlM first botiiiltt 
to voeoi^iM euibi«i M A latomX aorlstoa* ttio goiiorftl 
eonooj^ t of oaabliBi la Its sodom ssiiso, M • slaglo liaror 
of Snltlslsy hewvoFy oonss ftm Q%»Btcef C1S84)* fbo ooaoopt 
of OHibUl xont has btsa la^oduood lat«p to laoorporftto tho 
irboio lot of aidiffotontlatod doriirfttlfos la oAdltloa to ^o 
truo loltlsls* Xhls eone^t of oaablm hos boon folloiiod la 
tho pfosont stiidf follovlaf Coe](oi^ «i (]i990)y ^ts^wofor 
(105O)| isaasa (1966), 90MK«a (1966), faha (Idf?), Koaoir^i 
(1971)| FhUlpsoa ot si , (3971), diotiso tad Xvawi (1974a) 
sa<S Oboaso tfid X h^al (2075)* 
It Is ooaaonly hold that ftio vasoalar oaahlaa 
orlglaatos vithla «ikO provasotaar stfaads first aad lator 
oxtoods taafsatlaUr to Iho latorfastlosUi' rogloas ( l^ saii 
a966a). Hooovor, Faha t | ii» (1972) ha«t roooatlr roportod «io 
•asealar osahlw to dsifolofs first la latsrfaaoloalar rofIsa 
ratiior ISisa ia ths fasoloalar oaos la oao of ^o dloo^lodsas 
aklsma amamlJ^ Bat tho ohsorvatloas foeordod la tho 
PMMnt study r«««rdla« foramtloo of osisbitM go«t Afainit 
the findings of Iitfm t i l l , (1972) to m p^port tHa ooMMnlf 
held vS»if. «iS not«4 in otrtftin •arXler eaMt ( Esau IPSS, 
194^, 1943, 1965bt 3iiiK«l aafid o t^nore 194$| 3t«rlins 1046, 
1947$ Farkt B63| Coabii 19fi7| c^to IdTS; %o»M t | AX» 1^ 72$ 
IdQXkm and ^mas 1973| atttt«rfltld <1976) that ^« pfoe«m&ial 
oells •zperlene* i*«p«at«d ptrielinta diYisloii ia ordtr to 
produeo rovs of radially allifnad alasitntt bfor* l^ay trans* 
fore into true easbial initials. In the present study also 
siailar obsertations have been recorded ia all the ^ree 
speeias investiga^d. ^ i s eiade It rather difficult to 
re oo l i t e the exact tim ol dlfferentlatian of the proeimbluB 
into vaseidar easblua in ^e present study* Hie appearanoe 
of ray initials has, however, been taken as a sole eriteriOB 
to indieate eaisbiun foraation in ^le present study foUoving 
the eoEieept of Catesson (1064). 
Ihe fasoular eaabiua in tezwral is aade s^ of elongated 
fusiform initials and roughly isodiasetrie ray Initials. On 
ti^e basis of the arreigeaent of ^ e different initials, two 
basic patterns of eaabial strueturss have been recognised by 
Bailey (1023)* in <ne of thea the fusiform initials oeeur in 
horisgatal tiers vith the ends of cells appearing approxisately 
at the saoe level in a given tier and in the other^ the end 
vails of ^e adjacent initials ovarii^ to a considirable ex«Mtt« 
mm rore»r is known M atr«tlfltd eastbiUBit i^U« th* oth«r 
•» nonstratified* 
OQ tti« tmfli of his vido obstrTstions on A nunbor of 
v&seulftT plants, btlonglng to difforont natisral orders^ 
iaUiiy (1923) eoaeoivod th^X strfttifiod struoturo of eaablun 
as pb/logonstieally advanood (&anss and >^ j^aniols 1947| 
^tealfa m^ Chalk X09O{ Barghooni ]064t tAW 1966a, 1977$ 
lahn 1^74| aimiso and imxk% 1;»74A)« In tho proaontly inwsti* 
gatad «']rrtaoaas moftbers, arranfattaat of eaabial initials 
dopiets a elaar nonstratifiod structtxro as in tho aajority of 
vascular plants ineludlng tho othor eiaiabars of Hyrtaooa* 
vorkod out oarlior 1^  ottitrs (Chou and Chiang 1073$ Khan 1^ 77) • 
aailajr (1920) fwasorod th% eaabial initials of a trido 
irariety of tropical as vsll as tai^rata troas and eonelndad 
aftor a eacparatiiw stady ot difforont eaabial forms that 
th« fttsifora initials to be gonsralljr shortor in strntifiod 
ea&bial foras than in ths ncnstratifiad ooas* In ths latar 
eatagorjTi iiailay (1923) iur^ar fotnd that th« fusifora 
initials vary in longth froe 4^>*4400/c^* 2!it obsorvations 
rogarding this aspoet indieata tHat in tho invastigatad 
Hyrtaeaaa twnbers th« langth of fusifora Initials falls within 
tht l i s i t of ;iailay*s abovs obssrvations* Howtfor, Ohousa 
and iqbal (ld7S) in eartain arid aono spaeias of a^«<i^ fi and 
tifttfWii tad Obousa and tiairtusi (1977) in eartala Indim 
( 4 
trepioftl tr««i hftva fotna tlw Icnttti of fusifoni InltUla 
to fftll ^ortor Ihaa ih« «)iio vtporttd lUdt of SaUoy (1923} 
for amttiratifiod oambiaBi* 
mm$ foo thrto ipoeita of %rtmot«o lnfostif«t»4 Sn 
the prosont f tud7| ^ lyftenlata ba9 bi«R fot»4 to poiaofie 
eo&pftratiirtljr short fttsiforB InitUls vhilt j ^ Jditl^lJfiif 
^ o Xoei^tt, oiKl tHo £• fitylati^ falling In botvtm tlioM 
tvo* If OHO takot tHo liso of futlfoni Initialt at m 
indication of ^lylo^HMtlo a<lfaaeoBtnt« olyvioutly i^ litHUIa 
e^ Mit out to ba %im nost orolvod f«rn aaong Hyytaoaat ataliars 
Iniraitlsatad ao fitf, Hia short also of fualfwn InltlaXa of 
h* B^anl^ ta Is ooi^lod with o^^r struotnraUy adYaneod 
faaturaa of baric and wood naMly ^a siso and straettofo of 
Slav* tuba ooisbarsi fossal alonaatSi tho xjloe and phlOM 
rajrs and tha aBonnt nd dlstribntlaci of vood paraaolijrMi 
C Ballay 19S3| W^\ Cteadla 1953» 10Se| CarlQolat ISHlt 
Esaa 19d&a{ lahn 1974 )• 
aia stroetnral ohangas liiat «ie eanbiiaB tndarfoat diving 
i t s diffarant phaaas bafa boon vorkad oat la soea ^ t a i l 1^ 
a noBbar of awrliar if«vl»rs ( iaasa Kid He i>aniala 19«7| 
davat ]9S6| svart l^eaat Hsati id€5ai SrifasUva k 0> Brian 
19$ei Mahffiood lt63| aobaiHls Jt .^ idtiai 10e»} Kanumis 1071} 
tmm 1!I76| aashsi 1977| Khan ]977| Iqbal 1079 )• Radial 
valla of ftiaiforn Initials bafa baaa raportad to ba usually 
tangeatUI laigitii«lii«l Tlav* ilallar ol>MrvAUai« ham 
bwa mdit in th« prtttat study too« la «ll th« tlirM vpmeU* 
iavtstigatedy if not at Vtm um Uml but la difftnnt 
dagy**!* 
His fusiforai InitiAlt havt baen Uk«a to far to bt 
onin^laata ir?««p«etiw of thalr also ( 3ailoy i923f Eaaat 
and Ho Daniila 1947t Esati 1^ 6Sat lahn lfl74 ) bvt roomtly 
a fiv roports havo IAOMI tha oeeitrrwieo of rooro th«i ono 
Btteloaa par call of th9 eaBbiiBB ( Pattl lD75t Ohoiiso and 
a 
Khan 3977| Hashsil 1977| Ohotiaa ft! i l* 1H?9$ Xifbal 3^ 79 )• 
In ^« praaont stody also i t bas baan fdmd that ^a ntiolaar 
niiBbar varias fr<»B ana to aany in ^a diffarant apaalaa 
Invastlgatad* In ^loir raoant eotsnynieation on lUUdiSA 
g1iftlAX&» ^ Hyrtaeaaa aa i^ierf Chouaa end ^lan (1977) hava 
raportad that tha niielaar nwbar mdargoas aaaaocal variation* 
Iha nnolaar nvmbur has ba«i raportad by Ihaaa auliiort to 
ineraasa dtarlng doroanoy and to daaraasa during t^ a aotiva 
pariod of esttbial growth* A siailar trand of soasonal 
•ariation in nnclaar eonditioi has baan notad in tha praaant 
study only in £» aitrinns but not in tha othars* In j|» 
iftghoia^ an opposita trand of variation to that of £^  gi^jgnf 
•nd NM^W gnalana has \men raportad| whila in J^ —fWlitfti 
no dafinita trand has baan foUowad, Hashsi (1977) In 
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iQbid (197§} In iifififila i^ Q^^ i<yfc and ^foa^eo^ apJalMfa^ 
how««er, eould not find mr d«fialU trend of Mutonal 
variation in 1^ « niaeloar nwtier, at i t b s^ l»«n fomd in tho 
easo of ^ n^ i^iitttA In tha pr«Mnt ttudj* 2h« aiso and 
ehroeiatieitr of tho nneUut hat aito )3tfm roportod to vmrjr 
in difraf^!kt toatant, tpoeialljr, In donaant «id aetlfo 
pBTiods ot cMsbial growth ( Qtrr and ^vtrt ^907} PaliittX 
and Prasad 1i9?0{ Smut ]^76| Hatiicii 1077| lOiaa WT?^ Xqbal 
X979 )• In tha prasaat s t ^ too, tho ntitelai hafa btan 
obtarvod to dter^ata in sita and ineraaM in ohrosatiaity 
during thalr doraant iMrlod oo^parad to that of aetiva 
ona. 
fha eaabial initials havt boon raportad to mdargo 
antielinal and pariaiinal divitiont psriodiaallf C Btilajr 
19i9« 1923} liams and le ^anialt i947| Bmmm llM i^t Esau 
19^a} f9Ssm 1974| (9)jasa and ^onnt 1973 )• Iha antielinal 
divisiont add to the eaffibial pofulatioii iihUa tha poriolinal 
onat inaraata ^a noabtr of eaebial (Mirivatifat ananating 
naw j^lota ani xylaa al«sdnts« dallajr (1^3) raoognisad 
tvo funda@antal tjrpat of imtielinal diYiiiont in ^a diffaraat 
vaseular plants invtttigatod bgr hia« In ona tjrpo^  tha 
antielinal division oecurt in a radial langitvhlinal pl«ia and 
in the oth^r i^teudatr^isversa wall forffiation takat plaoa 
running atkav intertactln? the tvo radial vallf at tvo 
different levalt (Fhilipson and v«rd }0e5| I'hiliptOB t l Al* 
lt>7l). 
tt9 pt^'sm&t tt%9^ tli« watiellnftl tivisions la the eiMi^ lal. 
iaitiftlf liavt lioan aotwd to b« pmmQt3tm9mrm^ «s i t has 
b*«fi th« east In tb* sM^^itir 9t fmewm h&ri&g noastratiflad 
in tli« pwm&t staOi* vtritt I& l«Eifttt ttom sitort to long la 
ftii ti» thfot ij^eitti soMtisit Urn diTl^ltif vail ali^itt 
•xt«ii4liif fwmi QB« oad of th« «ell to tiM otiitr, «• i t terns 
b»«a f«ports4 fer Uailt&i (WT?) la l^ o oass of paioBig xs&|i 
and IqlmX iWlTW) la s^ sw arl^ sons spoelsa. 
'.Oia dtval^soat of riy initials has ^t^i irorl»4 oat 
ia tiatail W Jaf^oota (39^>af lit 3Mia, b} mA tram (Id&S) 
la coniftrs aaa dieo^ladsas* iiattr vorks folatai to rajr 
iait ial fO]p»ati<«i laoli»la tliat of aamaa (B50| W&l^ 3i$3f 
1356)1 Evert imm^ lt€i>| Coabio (lt63, lti)7« |0fl9a, l>}| 
arivastava (li63a« b>i QmtMB aai J^ iao (U964}| dteousa isd 
foitis (1973)1 Qti&vm aad Iiibal (]j»77a)| Baslisi (1977) f 
^ i ^ <1^77)« Iho pfoviotts trorlcs oa rar dtvtlopaaat ladioato 
t&at tha ray iaitiais ai«^  oriflaata la m&f ^aa aao w&r* i& 
sons, ^ay ariM |»rljiaril|^ as tini^a oalis i^ioli aio oat at 
tlia aadi as tarelaai sopBtats (Saaasa i ^ l , |^®| irani 1^55| 
ihaa i^77) or as iataral sofntats (Ivart S$59, W^l^ i f^a} 
Ohotssa «idl tmm 1973$ Ohotistt a«id l^ tMd 3t77a| mtiml li77| 
IHaa If77). Ihef Kajr also ariso ^ tlio ti^asvarst 
a0p»nt«itlan of t^ e fuslfdns Initials Ci^ Ail»y WfSO^ Bmnm 
1951{ Cfeoos© and Ymm r*73, Hashol 1^77j iChan X«»77.).ln 
the lawstlgatttd .yrtacaa* !s«ai&»r3, th« fiPtt two lio^s of 
origin of Tiky 4«f«lopaent ax* fooad to !» it^ oi* fre<|tiefit than 
th« last typ«« >^ ee th« ray isiitiaU ^ t •stabllsliedi ttmf 
cor.tlnuo to undergo sultlpllcatljn resulting In tha extaasion 
of tha ray body la imi^t and width Oar^oofii I04lb) araw 
19651 iif^rt 1961, 1963a| Jhausa ma tmivta 1073j caiou» and 
Iqaal 1977a( Ha^ml 107?) • Iha grovlng e^bial rays quit* 
oftan fuuM v l ^ a&^ otlier and as a rtstat long rays of 
e^plax nature oftan eoesa into axistanQa in all tho thrtt 
mesbars Inveatigatad* Iha fusion of dlffarant rays 
into a singla eomplox mit has often b&on tsrooght about lif 
th^ dftTel >pisant of nav groups of ray in i t i o s out of Hia 
intarvaning fuslfom cells or by tha nultiplleatian of tha 
already existing ray Initials of the adjac«it pastels of rays 
< iiarglioora 1^4lbt ^aun 1955t Phllipaon A | jyL« 3^1} ^ouse 
and limna 1^3f ^louse and Xqbal 3977af lashnl 1977} • 
Contrary to t^ e abovst sc^ ae of the long and broad rays get 
splittiid ^ Into sstaller units by the intruding aotlon of 
adjacent faslfone initials in all the three speeies presently 
worked out as well as in f sidia^ gqaiaira i&hm 1977} • Biisilar 
observations hmw been ®ade bf earlier worl^rs in a auaber of 
species ( iiari^oom t940a, b| dsau 2965a9 3077} Bsvert I06l{ 
{.J 
Cl}«fidil« aad £sat2 1964f diatue ffiid ftmiis Ii73t €li9U^ and 
iqt»X l§?7a| aiati«« Mk4 Hashiii 1977a|. 
HM r«y InitlAls far® m hiUgtuX patt of tii« eastiiiis 
a&a oeoapy a e«iiil4»?abl» pmt of ^© oaablal eylladur te 
a l l ^» ^r*» iiiiwatig&t»4 spatlss. Hit i^latiw proportion 
of m» Ttif laitiala lo ttiat of ftialforo initials liavo mm 
Qhmrm^ to Yarjr from $p@elos to spoeloi* & »aiel&ni@ of 44l 
has tiaa» oDMn>»d in 1* la^i^laiita aeia a stnlaiw of 271 1^ 
i# ^a^ttlata lAilla to £^  f|,|f|iti|| ^« ray liiltlala e^stltata 
371 of ttio t^footlal ar@a of t^ oi^iilal ^linaef la thd advH 
t?80i« In a slsUiur stti^ n^ I'a4.dlip gai^ a^na ( mm WH ) 
has fomd l^t ray Initials to oeeiipsr 30*37^ mA in sawral 
o^iar tr^loal spaoist vorkoi ost 1^ a frotap of Indian i««Krkarsi 
tli» r^ Initials hava baon shown to Yary froii H0>4^ Utepafidlni 
OB ^ 9 fenatle eofistlttitloB as nsll as tho afs and slia of 
^a traa (dbonsa and tmm WffZ^ 3^ 174% t»| I076a| (lioiisa and 
lQl»al ]^St l»77at Ohoiiso and iiaafoisl ]977a{ Sottas t | i |^ 
197Sat bf 3^6a} Ohousa ani Jaaal 1979$ i^m fti i l * 197ta)* 
HowYtri tlio aarllar IKM^S OB this as|iaet of eafti^ lal anatomy 
do not agraa vll^ Iho pro @nt findings^ slne@ lliay a l l iSkm 
thoX tlie fttslforai Initials eonstltnta mora tHan 90$ of ma 
eaaililal <^llndar C %llay 1923| ullsfln li63t I96dt Soalovsltl 
WfX\ aattarflald li72| Hargarls and rajpadogianni 1977 ) . 
oO 
Into tuo wt«garU. vl»., priwry and ••coadw d«p*mllnf 
oa their orlfln, a« tiofthBT f«»«l toat tht itmctiirsUf 
prittltlw dicotfUdoi* poii«ii l>oth onlstrUU tnd oultitwU^ 
rayi. Dw foratr la th« prioltlw fo»fflf « • t»ll and 
eampoMd of l«r«i wrtlcally •longatod e^lU !*!«>• «»• 
fflultiteriat* <»•§ haw ft main body l i i l^ is aftd» op <ft 
mow or Iti i Isoliftfflttrle otlXi asd long uniaftrUta vlaga 
wtileh afft mada v^ of calls alallar to that of tnistrlatt rayt* 
In tha pfasantly Infostigatad spaeias, tha w^f fOitftUcd 
thai Of ^a prtsitlva typa of < iafghoorn l!MOk) in atlaast 
tvo of tha i^raa spaolas lihila In tha third (i» i^i^at^) 
thay ara a llttla bit advanea in having homoganoua nd 
hoBoaallvlar raya* 
It la an alsost astabliiHad fact ^at tha vasmilar 
oaabitiia mdargoaa varioua atrueti^a ^angaa vith t^ groving 
aga of tha organs In iihi^ it originatas. Iha soat obviona 
ehanga ona eosas aeroaa in auoh atudiaa ia tha diaaaaiocial 
variation of tha eonponant alastata aapaeially tha fuaiforn 
initiala, Iha work dona aarliar in ^ia ragard alaarly 
daaonatriitaa that tha lm$ttk avaraga of fiiaifom Initiala 
ineraaaas with tha inera&sing alia of ^ trta trmOi «id 
latar aftar attaining a saiiaRii! linit i t gats atabiliiad 
C aailay vm^ ios^ard mi^ Hajnoviot «id Hojnovies mst 
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dmanm 196£{ CftrllQQist IQQ&i Eirtrt Vi^U 39<S3ft} dioiuw and 
Ytaitt* 1973t Ha«u8l 19771 KUaa 1077 )• &• finding* of th9 
pT9»mt study in rtg&rd to th« dinsniiocua variatioi of 
ea&bial cosBpontntf in foUtion to m» •!«• of tho tfoo trunk 
hafl i^ onn that tliei* Is a eontinttoui riio in tho longtti 
aiwrago of fuslfoni initials frost jrotaig to old stoa axis 
in all tho mroo spoel«St but tho dogrot of variatioa boing 
difforont in tli« difftront spoeios* la £• ftiJSdOB&f th« 
ineroaso in long^ avorago has bt«i foand to diffor only 6^  
in tho axos of 6 and 60 yaars old troosi iihUo l^o saat in 
£* HiSBlflU •&<! & iUlMmk bappons to bt 29 i^ d 35^ 
rafpoetivoljr* Iha rato of olongation in gtnoral aitpoars to 
hi high in the yoisigar shoots than In tho older ones* In 
oVmr words, ^ t ahilitsr to indorgo apUal oloBgation a«ts 
in an ini«rso proportion to ^e ago of the eaablus or to tho 
siso of the trtmH in all ^o throo ^eeios analysod* 
Tim analysis of dimnsional iNuriation of ray initials 
indieatos in tdie present study that they do not tadergo any 
eonsidarable ^«ise In individtial dioMssions in tolation to 
the ineroaso in eiretaiforenQe of the eanbial eyliador* pioy, 
howoipsr, smtiply appreciably to beeoM matiesriato in older 
axis iA all the throo eases tuder infostigatioa as it has 
been reported by earlier workers ( Ohoose and 5ftsuis |ig?3t 
CSioiise «id Iqbal 1077a} Khan lt77| Iqbal wm ) , 
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Ih« i&agaitiid« of r*y iaUi«li hai \mm fomA to rlto 
tvm 33 to 36i la a. fiitclOIlit 20 to 30jS In !• filASlftlft « « 
2S to 45^ ia ^ i^^ bolaaa l^i«ii tlioir asoimt wit •itlaatod to 
tli« curroflt yotap ^oot0 «a4 to tew trmlti of 60 yoar old 
trooi# Ml toeroato to |»r(^ o»tlan of ray toltUls tmdor 
•lallar iltoaUcii hsa bo«o fop^tod by OhooM aad imui (1373) 
la tht oa*i of itiyailiA AiilSftl ^ ^^^^ <1^7) to iMiOUS 
f g u , ^timmsM. iiMMl ^^ t'ftiiraithiii i;«atf9Xtoi ^ ^^ a^n 
(1377) to ^ l^Aiim atJAJAwmt by Obotiso and IqlMl (1077a) to 
Qoantltatifv aaalyiit of fusifora and ray toitials to 
ragard to their dieonslaoal v^latlon to relatlan to laasoiial 
variation pravailad dtfftog tlia poriod of proaaat study hat 
rataalad that tha l<mstb airaraga of fmlfonn toitials at 
wall as tha i&agnltttda of ray toitials varias to soeit axtint 
dapandtog OQ tiia ttoa of«rigto of nav oanbial toitials and 
tha pariod of thair growth* lor isstahea, a highar Itfigtli 
averaiii has baan aotod to eartato tsoiths oi a ealandar yaar 
to a particular spaetos than to tha othar eon^s* iiifflllarlyi 
froQUSiioy of tmisoriata and short easbial rays hafo bsan 
fotiBd to occur to a particular pariod than to othars, liaeaht 
workers on soi&e tr<^ical trees have noted such farlatloBs 
both to slse and to ma^itute of tht different types of 
easbial toitials ( mtm 1976} Hashai 19?7| m&a 1077 and 
iQbal i§79 )« 
8^  
HJLSLA* 
^•9m^an ^tm being • «cw«>l#x %l9Bm donprlMt »f 
fiUwst i»«f«a^»y»* e«Uf, ?«y ««Ui tod »OBi»Uiitt meft&tf 
e«llf» lh« o«««rr«ie« tad Ifei mnmmmmt of « » • • •l«»«Jti 
diff«fMi«« to «i« ttwlw? of ««U« w mil M la tli« • ! • • oi 
th« •l«iieai« t»iftt Mistf ^liM«a the tpAaitt of a tlagU 
8«&ut ftiOc* i t potsinU to iim^tlfjr ^« pliAt br 1^9 aftc«ula77 
xyi«a al<m«« &• memUxf 3qrl«B of 4ioot|Pltd«ii i f mBv 
eos l^ox l^tfi Ihfti of Vm gytmo^orBt* l»ieotflt4Qaoaa iiooi 
eo&ii>rl8«f of ol^aoatf that vary la t iMf aha^, typt md 
arraagoaeat. Xa Vtm saeondafjf sgrlM of otif»^afi| tm axaapUi 
vatiwl SABbarsi traeboldt^ filKro»»tra#Miidt| l ltolfom flbrofi 
gtlatiaotts fitirati wood^^afoaahfm aad rajra of diffaraiit 
•Has tarn fumA. Howtvart ttiaro art aoat dltat/ladaaaet 
treat ia ^i^ ta« veod Is eoi^ritad of a laallar aaalMMr of 
alaasnt tjrpas. lor instiiaoai la &aar BsmUu of ttm 
ittglaadaeaaai apart ttm vatit l mm^tn aad paraathyra aallty 
oaly fiiHra^traoheids art fauod la ttit v^d ( (aim 1974 >• 
ma arrangaaaat of ^le vassal la tHa aaeoada^ irla» 
of diao^ladons is a atkaraetaristia faatora «id is ttaad la 
tHa idsatlfieatloo of spaalas* i^m HM vassals art aora er 
lata a<|t^ la dlaaatars and tnlfowar dlstrt^tad tbroa^ovl 
a l 
Mi4 dl»tri&otlOB mroagHatl ttm growtb rtof, tb« wood is 
toniod 4kUtum»p^Qm wood* muiplot of spooioi vitii siic^ 
wood art MS& 9pp*^ iMSSm AUtti MMMk^ iy«»BfaTUit ^Uft 
•ttfop—> aad r.iaiAiytitiit •i»p, ( lalm 3974 K Bilfttrffli spP* 
(ITimat 35175), MmiA n c k t ElJimi^ Ett i i lBl i and fglyill l l i 
lalftiosi ( IqlMd m9U to a i tbi ^ifot prosoatlir 
itiv«stii«tod si^ oeiot tho wood hi^piiis to tm diffoto^porotit* 
DlffttM foms of wood h«f» also boon ttpor^NI In othw 
H t^jioofto aoaliort tv^ «t a ambtr of JaUllBlilt fp^oiot 
(DadfwoU a^ TE) m4 tsM^ gmiiSI < ^^MO ^77 )• Iho 
votMlt Mif f am olQsttrs AS roportod In liatatti^ ( I aba 3974 ) 
fho votMlt ttiFo fomd soliUfy la radiil solUplos of 2«4 
ia «U tbo throe tpoeloa invostigatod and at tiaaa upto 6 
^ ii» •iggj.i.te* i^M mtatiplos eoastitttta i^ of total 
aoKbar la aa unit aroa la £. MlUUaat ^i^ U ttm loiiost 
awbar, i^Uo la ij. JMHSUBA i t foma tho higboat p#ro«nta|t 
i^i). 3owairor, ^ ttsmalft OJ^ ilDita tbo iatoimdlato atafo 
i^ opo aaiy 30i of tba vassola afo proaoat la s^tipXoa vhlit 
tha raat of n^m stow aolitaTf poaltloa. 
^o amouat of tho axUl p » « o h m w l o a la tho 
dlff^raat dieatno4«,ai,. .p^cio.. la ,«|g apooioa, thor. ia 
v.Ty Uta« ^ u i pi^ohjma, or it la «tlroiy aJ.«jt, ^il. 
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la o^mwt It eoB«%ltutot « wtr Uri» p«rtlfltt «f «li« iw«4» 
ipart fros tli« 4iff«7«ii«« In th* momt of tfial parcaehjrMt 
th«r« «rfl alto ^ifftvnw in Its dittrllmtiQa anoog tim 
o%h%T •Uwmti at tti« steosdafr xyl«B* **»eh tftxeoonlf 
ii^grtttiee hat )»t«a atta^«4 to tua sod* «r diatrlbutioii of 
axial p9xmmfmm i lalm 1^4 )« 
!8i9 &X1B1 ]>ai«nehyBa Is apotra^Malf 4iffusad, and 
paratraehaal eonatltutSag 13211 of tha total twaiaaetloBai 
araa In ^ fiildMtf ^ ^ aftCUHftlA « ^ paftftfbywi i« 
BOdarataljr abtmdaat, teanty |»arat?iidiaal« allfors to oonflotiit 
ana apotraahaal dlffmad oeemp^ fii&e llS of tfo* total ^aaatetioAi 
al afoa, md i t Is abundant n^otfiiohaalf diffutad and 
paratpaehaal eonfli^iit In ^ SMiJtl^lUKyk ^airlaf tha highast 
pafoantaie (?M) of tot4d tapan»a<jtl«ial itinm aaong all tba 
thraa lniKistl^ at©d spe«»lafi. fraehalda ava faaleantrla In al l 
th» thraa investifatad spaelas «hUa foniSng liridsas tetuaan 
^ a poraa onlj In tha oasa of £, fi^lpiyf, 
A nmUt of ptports are in ilfcapatura daaltef with 
ttia fitapa leiagtii of ^ari m« gjf-ino^aras and dlootylodtms 
( Bltsot md u^ adawall 19^| acaraauaal a055| 3aJijowie« and 
Hajnoirlea ]9S3| l^ lnvoodia 10«SI} CarlquUt 106S| Sadharaa«i 
* t al« IftSSf Paraaatvar«i 1964| iiarlay IBm^ iiadsaoU 197S| 
lu J 
It i i i^. A<^ cardlii« t« !>ad«U iwm) Mflm tiWn of 
viditli HtSag 13/«», *feU« la «[*• irr«»»% study i t h4» bwo 
rom4 tUftt %l^ xrl«» sfi&t«» r^P« iroK a3§-J.710/Ufe, Al» 
4i»crt$»«iey ^ tlie %i\m Iwigtii abwrmticajs ®«y proWoly bt 
4 ^ t« th«i diiXereiicKi ii* tlie a£t or slid af the trets 
•R«lys»4 01' i t sw Also be du& to \:.!0 goographiOid »6t i^ 
of to« i^toows of sw^Iiiic; iavoXwa iB bolii tli» iawstipitli^i, 
Sluet i^ttaivtll (197«ii a ^ tsot tia&ticmfKl th« fcg9 of tr»«S| 
&• •^l^^radf aat^lQi a«^ :»® SAU vlt!i confideaee al>out this 
ftsptat, 
MoiMv«r» ^ mmii^ 3h9w& the iat«rmdlAt» pdsi t i^ ba»tw !^i 
thw» «il«i r«sp«et to ©ia rsiial (llAa«t»rs of t ^ vtt9@lS| 
! • iailMi&& ^ o^v* tij« ainlifitt» widtii i^s^t j» Mi*tt^ |nj|| 
•mibitf m. mzium mmii, aikUm miSat b»t«t«ii 
«i« !!«»• m fur as taagentlil i^a» t^oi» i . eoii««m«4, 
£. i i l U p E »^o«s t>« «iai^«s, ji, iaBUaim tht mmimm and 
8/ 
33i« wood r«y» itlffor In Uoiftit m<L v i4^ to A eonsidor* 
iit»lo oxtMit. Iho royt «?« tall a&d vid* la 1» 3ialWl«i «^^^ 
in othort thoy «ro »h^t «id aarrev, 
Iho ^ftdtaostata of a e^oratod xylmm fitoros ladleftto 
in tho proaeat study that tuay wdargo apieal Introaiva 
grovtH to ta« axtont of 1.4 • !•« tlaaa otoy ttia also of 
thoir motiMT Initial* (fiiaUom l&ltUls)* aoeantlyt Khm 
tj^ SiXi^ (lj37@a) hafo ahmm that ttm xylos fltivoi ixk WmMVmlVii 
fllBiiaulfaili lad ii. s»|ffi||tti^  ©row itttraaivtlr to tM oxt«at 
of aticmt 1*54 « U3 tiaea ovor ^olr motbor ialtUla. In a 
alsllair atudsr on aoea 1%r!30»ae«aat ^an t i AL* C 3979b} liava 
roportod that tlio asotnt of Iiitri2slva gfov^ ia zylMi flbrot 
varloa froa apaeiaa to ipoeltt and rsmgaa ftos l*a «» 5»4 
tliaat In tha fierbaaaoaaia maabara atudlad togr &)•»• Uonavari 
Ghaadla (3037J has fotaid la SOOMI woodf ItlHaoaaay 1^ xyUm 
flbrot to grow iil«49 timaa ovar tbo aiaa of tbalr sotbar 
laltlala* 
Call also varlatloa of xylary alasaata baa loag biwi 
a Ujfpie of roaaar^ and alaoldatloo for vorli»rs, Qtilta a 
larfa ausbar of ro^orts are avalla^la on alia farlatlon of 
tradiolda and f Ibto alanaatt of varlooa gyaao^ania aad 
dleotn«<t€aa la ralatloa to dlstanet frdei tbt pim mi imi^t 
ttm tha cromd ( ilaiat aad ^adfwU lf49f Sd iWml 
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i t «iagv« at fagarSt ^e vtasal altaitfita af« e^mmmmA 
(Hajacwl.^ aai iajnoiriei 3^58) • 1 ^ Imovlvift In tuia f^gard 
about ^^ XMiMi trc^leal tf««8 is mtf seifi^* 
lit ^a prtitBt ttii^, i t hat baen fmmA that vooA of 
ottiTWQt f«ar i^oot ooeaiata of vaaatia vitk narrow IIBMB. 
4s tHo alia provs olia?| tiM vOoA iMieoeaa iiootor in tlio ntaltar 
of vasiala, Imt at tlia aai^ ti@t| ^^ Iti^ t^i aisa of ^a 
vaaaals eoaai^rabir laoroattt* 4a a raatiity ttea roi««tioii 
io tha nwslmw of vaaiais p%T iiait araa i t eon i^aiiaatad 1^ tim 
iaerasaiit i& t^ a II»MI aisa of t&a foasala* la apita of tto 
tiaeraaaa in ^a asmliar of vasaala {»ar tmit araa of woodf tha 
araa oeeiq i^a^ bf l^aaa aloamits ataadUly iaoraaaaa with tha 
iaeraaaiiif g i r^ of l^O axia ia ttio out of ^a tliraa Savaati* 
g&tad apaeiaa i»a»| la £* ft|tyi!i;^ aq m^ ^ p|eip.a|a* 4 
ai^ilar obaarvatitn ia raportaa W ^a& (2t77> la li^AlM 
smymoif anotliar Hjrrtaeaaa aaalwr* Hoiiafar« ia ^ iaa^ bfl^ iBaf 
ia spita of a eonaidaral^ ia iaeraaia of vaaaal diaiMtar ia ^a 
ol4@r piu^ ta of ^a ata» tiw ralativa prqportioa of Hia alammta 
ia tranaaetioaa doat aot iaeraaaa oaarfaspOB t^ogif F«r mi t 
araa aad raaalaa aora or laaa aoaataat af tar axpariaaolag 
s^ &a iaitiai iaeraaaa* M aiaiiar aitmtioa tiaa alao hmn 
ouaarfodi la ixsumM mt^lmu W i^bftl md dioiiaa (i^P7a), 
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rm^iMl m^ tm§mtitX dSMmmr9 of 1^ « mtmltt m^tgo m 
srsk4mil i&sMftM with tli« la^ TVAt* la ih* gtrlh 9f ^M stmi 
axlty t U l ^ ty Attain Hi*IT ttftxiaail Blm mi ^MI « 
l^« fvsMl l«ae^ Is fa«i4 to tmdttygo * gi>«iiiftl 
lae7«*M> v l ^ ^« laevofts* in tti« girtb df ^« tt^i iixlt 
t U l t^er attato tai«ir »jixlii«l sis* m4. ttum a eoaatm^jr 
la follOMad la £» iaffibolana, la ^ g|,ty%B^ ao algalf le«it 
e^ anga la faasal sixa vltli ^« laereaaa la iMtt firth of ^a 
atas la aotlaad aa fdi»4 la l» J^j^olmia, MmiaYari la J» 
^ai^i^at§| ^M leagt^ of ^a vaasel alaesaata laltlall|r 
Inaraaaaa m4i taada to ranala ecn s^taat for soaa dittaaoa aa4 
flaailir ^eilaaa a e ^ tita grmad iofol aa haa hem raportad 
tor ^xmtB^ IBlfilWfi (X<|lMa «&4 QtiQum 2077a) aa4 iMWm 
flli^lXli (KItM aa4 Oh0ttta WTf>» 
la all th« ^raa prmmatlf lavaatlgatad apaelaaf tha 
ray paraaal^ y»a as vail aa axial paraaahjpaa laaraaaaa vltli 
tha laeraaaa la tha dlaoattr of t^ axia aa o^aarvad tigr 
^aa <3f77) aad l(|&al (UI79J axoai^ tlag ^ laffi^ lftfj la w l^eli 
axial paraac^ jma followa a ravaraa traad* 
la tha eaaa of saeondai^ xylas of eartala tai^rata 
aad tropleal traaai It liaa h^mi. mom tiiat la Hia growtli rlagS| 
c bO 
thm. ^^dt« titoated la tlit outsr rlRfs (C&aJUc 19dO| Jittttcl 
I M l } Biswt «fii| DadsntU I f ^ i t l t l n ^ i ^ and minmiim l i^ai 
Ii0r« {^ l«st similar tf«a4 of •«riatioti v i ^ rt^SMiel ti> 
dis&i!i3l<3B 9f t^rlAs filsTts I t @liMrvi4 In t i l the ISITM |^f«Miitl|' 
i i iwit igat«4 8p«el«8« Ihls iiief«M» i& l«»gtli of vooA f i to t t 
has imen attrihntod to ^n ineiw&it la iOBftii of tlio fusifors 
iiiiti4il.0 wiHi the grovliif af» of the e8ishiii8i« « i^ enotMniOB 
witftljr oheerved hr « nui^ her of vorlMrt In Tariotw tea^rate 
«a neil at tropieal tfoes ( Sailjejr ]§23t Hojaowios itid 
Hejnoirios ItSSf daonaii IS^gf Carli{ttist 3di@i Bvett I t 6 ^ { 
ilio^M aii<l Ifmos I9?3| llioitae an^ l Iqhal l!977ft| Ma^isi 11^ 7?$ 
iQhal 3^79), 
Sieve i i ao eppreeiahle eeasoBal efl^et m t^ lesgthi 
t M l i i l diiiaeter« tit&@t&tiaJL di«aet»r of ftteelSi dimmniOR 
of i^loB filiveei ie»f1^ md vl4th of jqries rajff end Xe&itb 
and ifiith of r ^ la i t ia le la aajr of the three prea«itljr 
liifeetig&^d speeiet* 'tiem oheenrationa are in aooordtfiee 
vith the mpoipt tm Pmidima m^i^v^ ( Khan WIff ) * 
^ far ae ^ e tranaeetiotia]. area of d i f fermt xyUm 
oo»pdDeBta is eoneemed^ only vood seierw^dbyisa ahovt a 
lh« aotta&«l«tloii of stareli IA^ tamilat la Twi^t %» mlX 
as axi&l |»iur«iieh|fB« fliaettiatet vitii thio etianfini ma,§m ba% 
^«r« iff no difoet offoot of wiatOF or mmmw mmmsi In a l l 
tho throo apoeSot lavtatigalad oiooptlaf 1» fUlfflMil la 
i ^ i ^ 1^ 9 rasr ayatMi iota not fosponi at a l l to ^tm aoaaoeal 
ehmga* ma imt at ^m aoewulstisB of taaaliia afo oonoatnod* 
92 
Ihe secmidary pliloes of the i&v«stigat*4 speei^s is 
as usDai a eofspl«x tisstia eoi&pomd of siAVB*tubs soBbers, 
aeeospaalAd wltH ^« or si<in^ e4>sspaaion colls, axial paraQehyeta, 
flbras iiQd selareida in th& vertieal systoa ana roughly 
i90dlai&«trie ray eoUs In the Idngittiiiinal syslas* ^s in 
th0 other aieotyledonous speci^St in tha yrtaeeae msssbers 
studied at preiont also, t^ ie eell arran^raeiit has been noted 
to exhibit a great deal or diversity in t^e differe'bt speeies 
( ^omo et al« 1979b )• in ^ i»itgig^ tiay tl^ e phloem fibres 
are found in 9i:>all fascicles i^ich are in turn arranged in 
tangential bands reaeebling the tj/pe ni of Ubonse t l Ai« 
(1079b>* in 1^  yai^ i^ i^ ^^ y the fii^^s assu&e tanfontially 
esq^ anded strips of various dissensions more or less fonaing 
eoiioentrie rings type Ul and ^ iafflboian^ the type VIII of 
ajouse s i iJv* Cl?*79b)« .is noted ^ soise earlier workers 
the sode of distribution of phloess fibres has been noticed 
to give a eharaeteristie look to the bark of these species 
presently investigated ( toldheide S^lf Chattavay 1953, 
1055a| b, 0, d| e, 1^9| :^mg 1954a| b{ <^ hur 1050} aamber 
1^ 62$ 0>uter l§37{ tiouse and Juniis 15)740, 1975; Cliouse and 
viabir 1974| ^iddiqui ^ ^ . 1976} blouse ani Hai^ iai l?»77b, 
l«>79a, l^ a^Oj (Clause mS Jasal 1^ 73 and liouse et |^ > 1976b, ifiTfib). 
J a 
Mml}@rs Inwatigatody &,m faimd to be arriuig|»<l in linear 
o r ^ r i«@»| eM to eatlt famiag lon^ j^ aHmtars* lh@ sl«v»* 
tube iiBmi}#rs pmmBB laeliiMii ^ 4 ncdis u l i i ^ bear e^mpinii^  
sl«i« pl«t*s, proviitd vith auiMroii® elott l r arr«if«d pdr«s, 
m« UterAl val l t tiftv» al30 \imn fmmd to podMss a largs 
Qimbo]* of sl«i>s ai*e«S| alffiO»t la d erov^d {iami«r« la 
feiieral, tlio striietaf® &a<l ^t&mslfm of 3i«f»«ttite aemters 
of ttw pmmntlf invostifnted spoeltfs^ indiettlt thmt ^9f mm 
ph^lo$iam%ieall^ lots •d'rmeed C CiMAdIo m^ l i i itford 3f41| 
ChtadU t948| Ch«adl« m4 I M 3:^ 4S| Esaii 1§^«| falia 1974 ) • 
^-» sifife^tubo ewQbers usmlly s»asia«d i^ortor ^«ri 
^e fusiform JBitl&ls In a l l tho tlirto spoolAs prosont!^ 
sttidlftd )»d| ^^rtforOf ^i^f mmmW.9 iMMMlM C^^rt 
19^b)} p^baygiA tpp* ( dioiis* wad itniis 1075 )$ son* • f * r -
gro«a liid diteidnoQii Ifidiaa tropleal treon ttudlod ^ 
I^m^ml (]0T7>| f*roaopi8 ifiiaifj^rf ( I Q M L m4 Qhmm ]077b ) 
and ^&Mi& !lUSMS& < ^Qtial 1979 i , 
3ie 9iev9*tmbi msbsrs hmvt Iwtii obMrfvd to iiid»riO 
dliii9nsia»al vajrlatioii at differtot poeitioea aerosa ^ a bark 
(dhotiaa imd ¥mi2s W7W as well aa aloDg ttia traa axis at 
various iieii^t lewis < Iqbtkk 1979 ) • this variation of 
sieve el^ifstiits h&9 been attributed to ^le lof i f^ of ftisifoni 
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initial* at wall aa to tli« soda of thair daiaiopatiit W ttia 
ai»a\ra angers* In ^a prasmit attiijr aliOf tha siava al«Bants 
hava baaa sa«i to isi4argo ilAimaioBai imriati<3ii v i ^ ahanglfig 
positima vi^to ^b» 6afii* 
IPaa iavastlgatad mem^^mf j^iean In al l tba ttaw 
sftaeiaa of Mirrtaaaait aoefistt of ^MI dlttinet sooat difforinc 
in ttiair itriietiifa mA fmetion vit«, aoDduotliig and 
noaedfi^ tiettog* &a eoiKliietliig sona eonsists of aetiva tlava 
aleaemtst ^a axial m^ rajr parwtieliysa and flelafocialijritai abila 
ixk ^a ssRQ$»dt}etlj3g sane the siava alaeanta hava baaa notiaad 
to im emplttal}^ absant ^ In a daformad ttata* Hia laaetiva 
sUv9 alasKmts In all tha lafastigated «?|Nieias haf» l^ aeii feiaid 
loaaatl tfitii ^Sofifiltifo eallosa on ^^ir oad vails as nail as 
on lataral vails* Soocar or later tlia sliapa of ttia sitfa 
olOf^ Qtiii @Btfl ^afif^d 4m to tna prassora araatad W H^a 
axpansioR of th9 axial and raar par^iob^sa ealla* ^sre en* 
lasSf stoUar soda of daf<^mati«» of sitva ola&t»ts ^as hmm 
raportad la otnar dieotrlodms W c.liaftAla w i mma (WW I& 
iaKisi lo ^.tliiimlA ii^Tfi m4, MsBJak CBSO). ^luaUy ^# 
aoBooB^oatiiig siavi alaiaeiits md Ibtir aasooiatai ao&paaiaii 
ealls liafa bom fon&d to eoUapsa ooii#latal4r as iias tmm 
fomd III ^aifaaggja 9^„ (uTiouss ffiod Xmius B7S> la so@# 
Hyrtaoaaa ( miomm t l Al» W7m) | It^lyjAiak «iiA j^ yLliy& 
(CSiotisa «i4 ilasimi Ii79a^l^)> and la auitifers ( 4bba «ii4 
;jt) 
Crafts WdB), %« n<xie<afulae%liii t l t f * ttibti ar« fi«ip«r foasA 
e«U» AS r«^orl«il Is frapi irlas l>jr B^aii C^48)* 4 l ^ m ^ 
lh« raf piUNKi^ jnia ssUs of ndRemtaetliii soet sr* seapara* 
tiir«ly lttrg«r in sist t&ati ^ « e^ataetlaf aans, ttia ray iNilla 
do net |ir9lif«ra%« to Ilia axtaat of fotslug w%4» waigas 
rasa»^l&i ^ a 4U«tad rars aa Haa liaaa alitarrad 1^ M r l i w 
vovk^TB ( i # iM i i a r |94&|» ij^ SSy i»5S| OiattaiMir lfSS4$ liiitBiora 
1962$ (Simm aai fuaot 1974e)* 
'thm ^Bpth Qf 9m4m%tn$ j^loan is fmm$. to irar^ r la 
ft Qftl«iitar raar ttm 40*m^/m In ^ gitglaaaT m^im/^i» la 
i# aajtaiitta «tid 4D»ifK)/tti la £» .,ifty%f|^f^ Uto nailsttn 
dapth la ttia aaaa of ^ aitglftiia aad 1» i ^ i t ^ f i ^ is aotiaai 
la Oatobar m i la 1* fi^a^ata tTmt Sa^ NMSbar^ DatM i^MP* IfeWM 
fladiafs ga v i ^ t$ia faaaral a^as^t ^ a t ^ a aaa4aetlBi 
phloa» forsa anljr a ihraatim af a all l i i iataf• lpairt<iii 
aad Itavtaa ( l i 7 l ) | l*avto» iTi07U)i Ciioesa aad Baikal (1I97«}| 
Ytmtis Cl976)| ^aa Cl077)| maaaa aai Sa^iai Clj»7^,3j^O> 
aa€ l%tmX (l^Tt) fetam lO^ sa ?aaarda4 saea f«riatioa la taa A^pth 
of ecmdaetlag ^loaa la imtiotts awtt!^ of a yaar la soaa tiro* 
{>ioai siNieias laYOstlgatad Ixy ttiaa* Bmmwmtf ao slgaiflaaat 
saasoaal varlatlcms la tkm laaaa also of slava^talia alanaats 
has baaa aotioa4 la a l l ^ « ^raa laiwstlgataS ajpaaias^ as 
1% ««• obfttrvti la ^« f ftst ( nm^ 3M3| i^ t«ii «ii4 
i«Atft<m WTd^ Ivmm 207@{ mm 1077 )• 
lh« oM«rT&Uaat f«e^4«d ^ Hi* «»•« of eUvt 
ttt^ mmtmrM ia th« eoidwiiliig phicNiB litir* i^ *vtftl«4 ^at 
^ « Siiv*»ticmt*{| sptelM j^ f»is««» %d tli« •xt«»t of iS«dOlC 
of tieirowtiibo mttk mAf t&cr«foro« ^oy ato not la mwemmmt 
with tiio lijn»o^oio» of oithor C?«ft« or Hat^ Hiat Hio 
aetivo 0700 la tHo baric iftoi»tt roa^lf to 20jl ( Crofto }931« 
1033} or mi i Wmt^ W^ ) or erm soro C Caatijr |ji73)* 
BIO rot^ltt obt*i8«4 In ^o prooont s t o ^ os IMU OS ttk».% 
of ft f«v oiboFi < 9«ifor i l i|i# I^ Oif ivaao t | |yt» liTOf 
Wvton moA Cmmy IfTOt l*«wtOB 197S} ^omo m4t Ha^»i 2076 
oni dioitso £t iX* |07$1i) Uiut ttm aotlvo sroa la ^ o 
ooiidttetinf piiioosi i t laoro or loss sj^ oolf i t to t^o spooiot 
aad, tl&orof oroy ogroo vitb tlio ^loo to mdimrtslio m dotaUod 
stttdjf m tiio strite t»fo of piiioos of Ibo eoooorfiod spooiot« 
fts oa ossoBtiftl prolaao to anjr ^ursiolofioftl. iBYosti^tion 
eonosraod villi tra&sloeatim proooss* 
Dio barti Itiielmost hot boos fooii to w%rf fwm .OS to 
2 mn Is £» ^ |^%^| .OS to 1*5 ^ 0 la j|» i^«i^^|§ m^ 
J / 
oi to 3«9 m» ixi ^ fanWilf* ^ ^ * «3ws of matfiixg Ago* 
AXsott « fradtOAl iaoroMt la l>a?lc thietmota has IMMO 
aot&c«4 is ^ » pnnmt lavvstifalioBs fro* tlio foiBSf»9t 
aicis to tho ojLdost ^ o ^ aii*Xjr*«d» tlio ftaowt of 
eo&daetliii OJ^A has alto ]»tofi fotiiA to uBdorgo a gradoal 
ifieroaao with tho inoftaaiaf afo of tho alia* A aljiilar 
troQd of Yarlatloii liat hmn y^^orta4 W I^ UEiita iTiS7^) in 
DAlbargJa t^glfifii Eatiisii (2077} in ^ f l q n ^ £ i S l i t 
Polyaltl i la I f lngifolla «i<i HtottJIit I^UBiit ^^^^^^ (1977) ist 
Paidiott {Olilije^ f^^ Hh9X (1^79) In ^i i f i lA n ^ ^ ^ ^ t «lA 
{••MBKHiHua aHMaHaasiwa'* 
fho siso of sloYo-tQlM naabora hai boon foiad to 
ineraaaa in gradual Mtutar ^oa jroimgar to oldor axis 
t i l l ttvty attain a naxlaal iiso aftor m(|^ariaiieiBg a 
slight daeliBo naar tiio groixid laval* Iho a&tiollnal 
and parielinal dia»otarf of aiovo^ttiba »i«htra aro alto 
fotmd to m^rgo a gradual gain with ^im iaeraaalng girth 
of tha axia or froa tqp to tha bottoa of fk* traa* A 
sl&ilar troBd of also variJtti^ of ti«Ya*taba aaabort in 
ralation to tho ago of tho axis wtM roportad hy lmm» ( 3 ^ 6 ) , 
Hashtti (1077), IqhAl and Obooio (]077b) and Iqhal (Wf9). 
4 i ia i la r attaapt to anal iaa tlia diaantiCBal ^angoi 
that ma ^ lo i i i f ibrai osdtrgo vith tha ago of ^ a traa axia 
in the present 9t\3^ has i«walcd that they also foUov a 
siKiXar trend of v&rlatlan as the sl«ve»tuba Bsnbsrs in ths 
isfastigatad spaeias* 
Iha analjrsls of j^loaa fl^sr&t aerosa t^ a baric of a 
QfMibar of tropiaai traas has raoantljr yavaalad ^at thajr 
•ary eonaidarably In tiiair dlas&slcxia at diffarant positit^osi 
within file bark dapanding on tha aga of the v&setilar eaebloi 
uhiah eontributad trta soUier Initials (i«ias«; end Paraaaavaraa 
1972| iliotise and aiddiqai 107^| b| Uhoos^  and ytnus li976b| 
Ohottsa tfid Hashtti I977b| ciioasa and Iqbal 1977b} • Iha irariation 
trends foUonsd diaraetDristies pattern la tha diffirant 
spaelas worked out so far* In Qalbayaia speeias worked out by 
Ohouse and Tinns (2076b}, tha lansl^ of pbXoea fibtes showed 
a gradtml daerease follOMd by a asooth rise froa tha trielnity 
of eaabiOB towards tha periphery and thus short fibres beint 
situated soeewhere near tha middle of the bai^, A siailar trend 
has be«n found by ^ouse and Hashai (lli77b} in -^altoahaapiai j^ gj^  
rtigineua sni Fiiamsc^ pfl eleagj by 3!»on8e and ^iddiqtii (]076a} In 
lJt£SBiA. UsmJUk and aUdiift tfUftlmUg. However« a eontlnuoos 
fal l in length of fibres has be«i noted in gMWlailto IClUftf 
from the vieinity ol eanbiiat to the periphery of the bartc by 
dioose end Ea^ai (lil77b}« and In jOSjBlk tfi\iifl78i W CShonsa and 
fj ij 
^li41<2ai (297da}* la ttm present stttdy la £• aityiiiaa tb9 
tihf l « a i ^ hftt bMS noUd to gato la l«aftti la a n^Atia]. 
Euam«r as ttm i^otltioa of t^« aUaMitt adTaaeo l^ tovar^s tha 
p«rl|>h«7jr at i t hat bMB rai^ortad ia th« aata of JiEtiilA 
f^^ t i aa (ObaaM tad ^iddlqai 197$a}« IR Vi9 othar tvo 
•Ipaaiot i&fostigatad la tha praaoat stadTt ^ * tr«aii of fitoa 
laagtti variation follontd a meha&aliaad eourtt la haviag 
a naatitr of r i ta «ad f a l l vlthia tiia hmek^ al^cmfli tha 
paripbaral filnras Hava alaajrs ba^ foiaid to bo ahortar ^aa 
thoM fltaatad iMar Wm eaabiiiB* 16ta traadf titaa rataaliLad 
t^at of aartain othar tropioal fomt stadia^ bgr I«aifa and 
I'araaeawaraa (207<tt) «id Iqbal (107$)« liia lasftli Tariation 
of pbloaa f ibraa witbia tha bark haa bami at^ibatad to iptriooa 
axtafnai and lataraal faetora W tba •toflUr voricara* Ohoaaa 
•ad riaiaa (1976b) axpialaad tiia oaeurraaea of loagar fibraa 
aaar tha oaabiiai to tha a ^ of tha eaabiaa i tsa l f alsea ttm 
l«igth of faaifora ia i t ia la a»d ^tm aotliar teitiaXa of 
phloem fibraa ^owa a laeraasing tread with t^a groviag 
aga of l^a aarittaa* fha oaearraaoa of loa^ar fibpas at 
tha pariphary haa bam at^ibatad bgr Ohoaaa and Siddiqui (1976b) 
to tha aetioa eontlaaad i^iaal alaagatiaa of tha eoaearaad 
aXawatcta bgr tha iatraaiva growth ahlah appaara to bo uaivaraal 
in tha phloaa fibraa of tha tropiaal taxa ( Cindtt 1042, Kaada 
and Saa 196l| Liaaa aad Paraeaavaraa ]978y Qioaaa aad Sabir 
1 ' "^  
ana Haaiisii : ^? i ) , irtiil« tUt t f ^ 4 •a^erlaiutliig a &iai%«r of 
p»v1^mrf of baxt h«t b««a ftij^s^i A< ^ « f v i t i i t #f m 
e^MriiSiitd m«ti<m of « Austwr of faet(»ri mxe^ m ^ « «g« of 
tl)« eml^littf t i# wdnat of apieaJl Intrusive srowHi aai ^ « 
internal fustic's favoisrijas saeH grov^ aetivitlAs v i ^ l i i 
tut &@7J£ at a KioiNi Uml W Ohcmse snsl Sid^iQui ( 1 9 7 ^ 
mud ^oum and ilaihtsi C|07B)« 
1.. 
i s i s a j o r l ^ of the hiynl 11004 specUn the fimeticm of 
eambitSD is periodie rather ^ a n eodtlawiiit oxonj^t^g a fotr 
t ropica l ipoel@» ( iikvim 3964| I &lin 1974| rh i i ipsoa sJk ML* 
WtflU 3I39 e<%itl?iuous grovth ir^ tr<^iemi plants attr i&utod 
to tlie proXangoi favorable e l i ^ t l e cmidit iori i i ^ ich j^rovail 
mom or loss ^rougtioftt ^ « jroar arouad tlio o^ t i i to r ia l »!i09» 
Iho radial grovth In t ropical spoeies oeoiffs o i t l ior romd 
the /ear as in J I S M I H ffiHR^yllat m l a d i & U i a>n« llBiairla 
^ t i ea^a ta ( faihR 1974 } or for a 6a4<Mr part of a year as In 
oertala Indias tropieal trees reported iif Qhow^wf (1^140, 
1969) asad Is oth«ir growing elsei^are Falm Kid iaroet 
(1963), Umitm (19T2), Kao (1^72), tmm (1076), Hashal 
(1077), lian (3077), iQbal (1^79) ^ d Ihotise and Haahisi 
(1^795). All&aai^ ^ e i#orl^  on ttie easbial aot i^ i t j r of 
tempera^ trees Is Quite oonsideraDle ( Studhal^r g^ j ^ 1^^{ 
Esati 19>33a, t^slovski 1*971 and ih i l ipsoa et al» 1971 )• 'llie 
i a f o r e a t i ^ on tfte easibial a e t i v i ^ of t ropical trees i s s t i l l 
w r y sjoagre iCnQy^^wr 1040, 13@a, 206D{ l ^ m and •iamet 19S3| 
^a l i va l «id Prasad 1970; i^wtm 2S7E| iiao li^72| Oiou and 
Chiang 1^73| «o and C!iias^ 197S| OilMif 1976} I aim 1974f 
]0?7| la l i iMd et al« B75; fixitis B76{ mm 1077| l^Oal 
1<I79| 3IICNIM and liash&i l<l?9b). 
[Id 
In tho pretent ftadjrf i t has teen obMrved that tiM 
•aae^ar eaBblOH of all tiim tht— apaciaa workad out ahowt 
A ptriodie aetivitr rathar than a eontisitowi growth at 
roportad in tha otl»r tropieal spaeias of Indian atib»aoatiBant 
(Chovdhtufsr 1939, W40f 1957, I96i, 1969| Chovdiivrj «ad 
fandon 1930| Paliwal and Prasad ]|970| Palival §& li^ I975t 
Ytnoa 1976) Haahai 1077| Khan 1977{ X^ baX 1979$ diooaa and 
liaabBi 1979^ )* Iha radial growth in tha H^taoaaa ipaeiaa 
invastigatad oeeura only for a pariod of 3 to 7 Mntha* 
jyaong tha thraOf £• aitrinaa abowa t^ a ahortaat pariod of 
eaabial aetivitjr and tha longaat bgr &» «M*Mi>t* U9»f for a 
duration of 7 stonthti ahila i|» JMfesljsiA falling totwaan 
thaaa tvo axtraaas* 
A ntiBbar of oritaria has liaaa avplayad in the past 
to Jutigt tha initiation and tha duration of ooMhial aetivit^r 
in tr^ieal as well as in tha different tasq^rata i|iaeias« 
It was Priestley g^j^ n^ (lj^3) who have daiBan8tT«tad for tha 
first tlasi the ease with whioh the bark separates itself 
froe tlM wood of a tree trtnk during the aotifo pariodf a 
phenoBanon what they naiaed as "Sll|>ping of the bartt"* 
Subseqnent workersi later waployed saferal other ariteria 
to reaoipsise the reaativation of aaabias, after i t s winter 
dorsan^* Sona of tha laportant works ia this asmiaetion 
are of Ktrndson (1913}| liOdewialc (1928)) Might (1933)) 
lOJ 
Cbovdhitrr ina&it ^r^^^m m^ wa2^ iro|> (1949)} Hodf* md 
«i4urtr9p (19^) I ^«r«S8f <t95D| I«iM«fOf»4 (3^Sa)| Prnttm 
m^ El#i«y < 1964) I Iif«r<l7<^  (3994)t dmt^ Cl9S4)| Maywlag 
and iiolwrtt (X9S$)t WUeox <19«i)| sir«i>t Cl0f3a), miml 
m& F^m (1966»| l») t ayivistfttra sad a* ^S*& < It i i )} li^u^od 
iwm)i BotiftHs anai Udimi C]9e9)f mimi a%$1* iwm) tad 
Fahn CX974)« 9i« iiai!M»r of luy^tt of iitdiff«7tati&t«d o»Ut 
has hmn gi««a imdna aspliatit uliiU fc^opiisiBf tl}« 
oa»biftl raaetlYatlQii and aetivitjr i^ Palival and Prasad 
(1970) «id PalivaX ft| A L (197S) la Dalb^yalA ai^aoo mA 
^oltyil^k I?mrlf9l4i r«i^etiiralr. M% ^m ridiologiaal 
taehnit^ oa of «lalt«l and Tm& (19^a) Has provad itsalf to 
ba o»a of 1^ « dapaadaDla i^tlioda to stiid^ tlia iN s^oalar 
easbliai partionlarly to asoartaia ^a dttraticn of aatlirity* 
In tlia jpfa^nt a tudTt hONOvary a rnvm^mr of eritorU ^aa 
baaa msad ia eom^inatioii i^ila atndrl^S ^o pariodieitr of 
oaftliitt£, Iha laitiation of eaabial raattivatioii has &a«ii 
raoogaiaad froa tlia tisa of fadial aa^aaaloB of «aa eaabial 
inltlalsi but tha aetiiriV of oaabiw Jaaa tmtm oomtad from 
tha actual eall divlalan not fron tha data of any histo* 
ehemioal dhanga or {^^fioal asf^ ansioii of nm laitiala 
althoMi^ ^asa ooow aarliar to tall divlaloe aa dasaribad 
aarliar* Sisilarlri ^« oostation of attlvity has ham 
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r«eogai8«d bgr t ^ elotlng of mil dlvisSiOa l i i l ^ aomftiXjr 
pfe»$MB tim liltt9^«iilMl Qliaii|»f In ItMi laitlAlt* 
In all th9 Ukr99 fnxa of tb« prtsmut tefettlgatian, 
th« r«aetiiratl<»i of T«setilar ewtbins h«s iMfla Isidiefttod Igr 
the s l i ^ t ificreaso In t^ e 8if« of ewbitl SsitiilSi 
•i^ei&lljr ia radial diroctioni a piMaoatDOB t^at has tMi«t 
ioeeribed as **Si«|liiif** of th® oasiliisl eallt t^ SOHO oarll^r 
vorkors (Chowihury W^i tmm 2§7it *^ i«8 1^ 77} (Jb&Wf md 
Hastimi 3079$ Iqbal }J979)« Ihis pii«3tOBi«aoe has ftam notiooi 
In ^o i^ rasant sts^r to oeem> ma or tvo waeka iMfora ^a 
calls start dividlnf to pro^ iiioa IMV daritatlvaa In aU tha 
thraa »p9i&i9B9 mong the thraa sjiaoias stadladf Jl* JuJtglfliA 
shotfs swalliag ph^ oeiaiiOB in lata fiar^  £• ^itr^iff la aarljr 
inly afid In ^ aa^alata I23 aarly Aiiftsst ladleatlisg l^at tba 
factors raspa»sibla to laitiata actlvltF la aa»l>ii» ara aot 
the 9m® for all the threa spaelas alt^oai^ ^a? all balcng 
to tha aaise fazailjr. 3ha cliEsatlo factors i ^ i ^ i^ravail at 
th9 tim of reactlimtioii ^ caishlwi in Vim diffaraat spaeiaa 
inr9stig»t§^ tra ^nite iSiffsrafit as ana elaarly saas vast 
Tarlatics In thw 9mmf ^ry m4 hot waathar of lata 1^ «i i 
m9 elOQdir, vat and lass hot cllaatic eonditlcn «f July and 
4«iQ8t (fi£s« 29*31) • Tha raqolram^ts for cwfthlal faaetl* 
vatlon appaar to ha sora s^elfSa rathar than ganaral avaa 
lii elosaly ralatad Sj^alas ad^tai tQ ^a saogri^^lcal ragion* 
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loilovlag VtiM sMilieic P^ WIOBIMIQIII Vim mil itivitlioiii 
9mm sKort v l^ia * w—k or tuo^ la th% emhiml ton* i^ioli 
in tvrm i s follOMid ^ « auBliBr of histoi^ soBiioAl. oliaagot 
ia tSio laitiftit* A 4iief«M0 in tlio iSoasity of eoll pro^o* 
pl&0t| ooa|}lo<l wiHi 1^0 1088 of ^rooAtioilgr and tlio loanS&f 
of ooU vail 4m to tiio rosult of rodtwUce in wall thitkm^ 
lag lad la th« siio of tsot^d 8tnietiif0 of radial valla aad 
a draatle daeraast la tat asowt of tamilfaroua auljattfioaa 
and starnis in ray calls afa h^ p^aaad to htt soaa otitrloaa 
ehaagas that oeaiir ia tim initials folloviag tha call 
dlirislcm* Mora or lass sle^ili^ ^aagas ia ^a aatara «id 
strtietttra of eanblal laltlals hsm baaa das^lbad lor Darr 
aad fumrt (2^67) ia M l^ilaia PMM9MiBMiM$ a^alear «id Evart 
iiBmy In i^ Bir mMsmAatt ^^u* (isi76) ia aiifttrgia litasa* 
Mhm iWtrf} ia ffiid^^ ifq*<^ ftT Iqlial iWT^} ia MifilA 
EilMkA e>^ £X2tS&lt t lklBfri iBd ®)«»iM «id Haslaii Cim> 
^ Po3|ir^^ i^^  Ifli^yif^lia. fha eanblal aotivitr has lia«i 
aotlead to iaitiata eall diTlalon ia aarlr 3mm ia ^ 
JS^S^iSft as raoordad ia soaa Kottli ladiaa tepaas tqr Cboi^iaT 
(1^6»), la MkmM. mM^ ttQ^ MsmiSa tliOftl br aastml (1977) 
«Ad ££fisti& a^oti<y^ br <^^ ^^  (lli79)« %a saaa ooa«rs aftat 
a a(8itli in £, a i tr ia^ «id aftar tvo aoaths ia 1» »^tyl*t^ 
l»a«y ila July and 4«fii8t raspaatlvelyt a jpariod la i l i i^ 
aaasooa is (^eratlfa in this ragloa* tm eesbial aatlvity 
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eoJaeiaing ifi^ rala full him im&m f«porl»d ^ 4a.4«ro §X l i* 
(I97a) i^i HftiMi i l i i , (1970) iB tii« eftM of Fgoaat^ 
inltJUitlait of eaBi>i&I aetivltf ^ !• MM^ e^ la^  AI lato «• la 
ai4*&iifust fiBiSs no parillttl. in tl^ « Xadiim iitarftturo, 
adthoui^ i&itlftUoii of efts!»lAl aetiYltr ^ «r»l3r hat boon 
7«portfl»4 In n fov oMot l>3r Ctiovtlhiiry (I0d3>« %• OAM ef 
a* iw*^|a|^ imin^ aa •3^&li0| sa^ r bo fca^on at a iaviation* 
Hio eaiisatioQ of eaablal aetivlty tofo^iar wlto tha dtfalo^meit 
of all ttftsettiral md !^ l£tocli@mioal eharaetariaties ooetir 
la tba pi«9ei$tl^ i^v©0tigat@a apeeias at aiffaiwat aootha 
of oalofi^ ar ytar* In £» eitriii^i^ tiia oMibios eaaiaa to 
aot in lata Oetob^v^ a LtntA a&rllar to tbat 9t ^ JMltSlMftt 
al^oitf^ tHa initiiticm of activity atarta oiia i^iitti later 
in tha tam»T than Vw lattor* 
la tHa abova two apaeiaa, ^a rapidi fall of d^ iXy 
avaraf» air tassparatora i^paars to liri»f dovn dors^ Bcy in 
lata yetotaar audi Hovanlwr tmt in tha ^ird spaelas a xBrnTm 
apjMiari to m siora plaitaibla thait i ^ t happans in th9 fojnsier 
two eaaaa* Xa g* m^^^ t^a tha fall of ttmparatura i^ts not 
iai^da tha aetivltf of eastbitm bat appaars to is^roTo It %hllM 
in tha othar tvo eatas risa of tanparaturt appaars to b© 
sora eoadaeiTt for Saitiatian as vail at eimtln^atlcm of 
aambial aotivity* 4 similar situation of Saltiatioii of 
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of ^ e piMiiOBtiiQa tliroegboot tli« vlQltr httm tmtm fpwtmA 
hf liOiA C^74} in §ymlnU% gJaiMwIiHilil Introdoetd la 
IsrMl* faffiff^ j^  i|^y^^a is m^Vtmt tpteiti of l9wml t^Uh 
ftlso oxporittiett liiiti«%i<» of oftabl«l r^ontH la 4ogiift* 
ioptoislior aad emtlano to ylaia oaa^iftl produett t i l l ooxt 
sprlag. Ttie behaviour of ^^asatoim ipp. h»s boos inUw» 
pfotol by Ia!Ks (ltS9 , IWT%) m foaotioftl basis, i t Icoopo 
it» ai3!itial T7%Hin of Tidltl fro t^fe «ifOii la Isyftil #ioti pows 
la pl^ *s®s ¥?it?f the ¥l"!f;tT IP mil4. tiso ]»fos»tt iioirtt alto 
iadioates that the tist of ir.itistioa em mil %9 tHo 
duratic?: of caa:biel t e t iv i^ ig folatod to tfeo foaotio 
KaJce ep of the spteitt re.tH»y th«ii tho #avipeis»oatal »ot itp 
Qf tha fit©. %<» pp®p#iit obnorviitiofio OB ^ aaoalata fwttimr 
ifidicato that the T&^1%1 grow^ smf pr&lmg for o long 
{loriod ia cortate -fjoeios ufalfitt lh« st^ ort <St^ iition eoeii^alf 
obfor"w4 as oetlT< ptrimt of esE^ bit® in t«*Rp«rmt« troos. 
lilmilsj' prolm.^€ i'jratioo of radial growHi la nam tropieal 
•l>oci«s has been aoted 1^ oarlior v0rk«r« liko *^0f $X S^ 
<WBO), Chisw&ixssr (1968), late (1974), Ymnn {11176), Htrtimi 
(ItT?), m&R Cl977)f iQbtl iW^9) and -tioiis*? m^ Haaiisl 
(11179^ ), Ho«e?tr, Paliifal md i^ raaad (1?^ 70) ana Paliiml fti AL* 
(1975) roportod a sliort 4iir&tioa, as thort at !) to 4 naa^s, 
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to be ti}0 ftotiv* period df radUl fteiftti la ^al,^>fif 
SJUum, «^^ Pglri lt l l i IflBg^gJtet t^»f^nUml^» HM eUlst 
of ^« %bwm ftttthors haw btta s^o&gljr t^ftttot ^ laUr 
vorkors fog«r4iiig Iho dorfttioi df «0l»i«l growtli i& tio 
abof@ tiro ipoelot ( fanas 307@{ C^ ottso audi Hft^ mi |ji79i>)« 
Hio obsorTatioiis on ^ p^tt^p^fg^ la tii« froMst cto^^ 
hovovor,, Indieftt* timt •mu in<ler « tr^leal tot «#| mo 
txNiot s j^ botiavo ll^e tMiporoto iiNieits la liovliif A ^ort 
duration of riulial frebtli la spito of tbo faet l^at ttio 
pbytioal foetort nooftttary i9r eaablal aotivity pravail 
for a prolcjRgod period aa i t k^ ii^ poiis la gt ptt»i3^i^^ ^ 
Ihis i»«siial tmhmwimt of £» eitrl^^ ear ^ oai^laliiad 
tiirouih i ts fo&otie nalea 19 ai i t liat Immi dfloo ^ Faim 
(I0T4) IQ aooa of ttw gaaalyptaa q^ p« latrodiviood la 
Itraoi* 
VJ'J 
Is the pr«a«iit ttii^r i t h^ s ^wa foimd that tim xyUa 
jprodootioii pf99^B tbst of phlMB la a l l ttm H I T M 9p«ei«t 
iciv«stUf&t«d a l ^ o f ^ tli« tism «Ad 4iafAtlQfi of xjrloa tnd 
{>hloo» fomatlao diffortd s^itidtrftlily froa sfweios to 
spec lets. aooQ aftor the enBiiii&l ooU« start dividlagt tba 
Ixuior derlTatl^B start dlffar^itiatliig l&to xyUs slftiiKits* 
To start wltli| z3rltB par«nehysa dlffsrscitlates s&d ^ I s has 
bsan follomd ^ tht VISSMI •Isaoots IG^ uXl Uit thrat spsoias. 
^n £,!» ftitriKiiaf xflac dlf^rantlatioQ starts la ^ufust aod 
eemtintsss up to tha sad of Qotobar* la ^ 4i2li3)tLiftii tikS igrlOB 
formation t&<ca$ plaoa for fiiw KOi^ tht starting froB Joae «liila 
^ ie> n^^ata tha xylaa prodaotion eoatlaosi i^to Faliniarjr 
eo»asa«»iag from 3«ptaabar i«a*| tha xyiaa foraation lasts 
for aiscut six months* & similar ordar of ^ I S M aad phloan 
prodnetion has \iwn raportad aarliar la a attabar of tropieal 
as irall as tauparaU foras both vith daeidaous «tid avargraaa 
hai>its« la Ps id i^ dlilUQit ^ •^tgf^ aaiibar of ^lyrtaeaaa, 
Khaa iW77) has fomd that xrl«a prodaetioo praeadas ^&t of 
phloaa* i i a i l a r l r la yffiiiS^^ iliByBlt*^ atrargra«i nashar 
of 3apof*aeaaa, .iash«i( ];977> aad la tha daaidooas Da^onig 
£t&JA ^i' l«agiaiiaoseaa, Ohaasa aad Sa^ai iV^dO) ifl»m haa 
uo 
h—n a t^ed %& fdr» •ftrXitr than {thlotis* lyl9m pro^nc^ixm 
to p?«e«4« tiiftt of ptilooa has alto btm r«i^ ort«A Sa e«rtaia 
t«B|>«rftt« forftt of d^eidiioias m^ tvirg»»i«i hftblt» < ^t»* 
eb-^ iMMSor 3;H5$ frftior 3^52i il«mi«a 1955 )* 8ow*i«r9 in « 
reeoni: fttttuptf Iqhal (1979) h&s found phiota to i»r«ood« 
xri«s ^ tvo eforgrooa foms of arid soat iiftDitat nmmlf 
( XtmDS 2976 } ^d rgtrilttlU IfflglTtlli C CSiooso and Ha^mi 
3^79) ar« tti% tvo o^er tr<^ieal trtas (^« forsar boi&f 
deeidttons Khlla tha latter aasi-avargraim} in vhitt phlOMi 
f orsatioii has baa& ttiiowk to praeadt aqrias produetlon* 
^^ &» ^^r^ia^ and ^ JfiillS^ J&ft. i t has a^an found 
that a nazTOv atrip of i^loaa dlffora&tiatas wall toafora 
tha eaissbittt baoosaa aetlfa* fhit analX anooat of phloaa 
wlileti dlffaroatiatas out of tha oiar vlatarad mdiffwaati** 
tad eaahiaJL darivatiiras, pro^ l^ nad at ^« elosa of ^» 
prairioui taason. ^Inea thajr ara aot tha produota of tha 
eurraat year eaabial growth^ they havo baaa tanaad aa 
praottTsor phloas!* A aimlXar foro&tioa of preeartor phlo«B 
has haen rae^t l j raportad ia certain lndl«» tropleal treos 
W miQme and Ha^ml (10793.^ 2980) as vail as la savaral 
teaparata trees Ilka ixSM eoia^ aq i^ aad £• wsilM W ^"vrt 
iwm^ i^eaa}^ MSMSA Bafnd?aciifi4a W '^rr aad svert (i?«7) 
I l l 
•X«8ittr.,ts ^ i ^ hftiw btfn r«port«d la m mnter of tesp^ratt 
tr»«t la tSiM past {Strftsbttrftr lii9I| Btmm 1010$ Abot «id 
Crafts 2939) n^ Uetxc A | i l . 1$»S6) OrUloa m4 Snilii 2960t 
Jri^astaTa andl 0*£^lii 2066: fookar a&d Wmrt 10€8)* Iba 
prascsat fladiagSf tliarefaira, eotaai4a wi^ thoaa of 
Coekethm (2930}^ EIUoti(193&) | Hate? (1^39) rni^ AkTimri 
aad Lvtirt (196&) as those aatli^a also oQttia aot find aay 
ovldoaiia to provo tha oecaryoneo of partially difforoatiatad 
phloaa sottiar ealls laadiag to tlia fwraatioo of proearsor 
phlooa ia tha foliowlsf sprlag* la J* Mtt^Uj^t ti^ uovori 
ao praoorsor phlooa iiat baaa fouad to form in tho protaat 
atodjy as It has baoa roportad W ^«a (Hi?/) ia rfidiaa 
tmlMm* ^ fi^ni (]f?9) to ifiisii aUslifliL aid ^XSISBU 
/d^ottgb tha iaitiatiaa of xjrloa prodaotioi aliraars 
proaodad tuo pHloaa foraatioa ia tho t^ rrtaooao naBbara 
iavtatiratad ia tha praaaat ttodjri aiaaltttiafHia produoti^ m 
of xyUii oBd phlooa at a lattr a taga of produotioa eanaot 
ba rolad oat« la £* aitrinn^ aad ^ iiaina|,ft|y i t i s aartaia 
that <^» iflaa prodtGmti«n oontiaaas to ooear throughoat tha 
ii:-: 
period of esMbial grovth Imt in Oetotwr alone vith tht phloM 
formation In th* fonwr and in Hownter^DtaMtor In fh% 
Xattir. In S» liMliSliaai ^ ^^ <>^ *^  '^'^ f^ ^^ piiloMi 
41ff«rtntiation atarU In oatobar and eontintiaa In Sovanter 
nban tlia zflan dlffarantlaUon ai^ar stops oan^lataly or 
slovi down oonsidarably* 
k aiiaUar situation oi slc»atanoOtt» prodQation of 
saoondar/ ^la& and phloan has isaen raportad raeantl^ In 
Klttttiiopg ^^aaai by dashrai (1377) m^d aarliar in l l l lA 
fqayj^ ian^ by ..vdrt (Idci^ if ^^paoda v3id67; aatl in .AI^IM 
by ^a i^ti aud ^wjft (1P?0)« 
3lia quantitativa analysis of the total asioimt of jQriati 
and ptkloaa proattead in tha diffarent fonas of tha preiH&t 
study ravaals that tha .iyrtaaaaa asi&bars under discussion 
produoa core xyian and lass of i^loaa as has baan fouad in 
ttia othar tropical traaa tiorkad out in this laboratory. 
tfillltirg4ll l iSA^ ( ^aaus 1976), ldtlmi& UiUAf i^Miimm, 
%lauk «^ d ^Qlyalthi^ IcngifoilA (Uashmi 3977}, f^i^ii^ 
ailSliAA «t^ ^ amsatla. aticigap^ (Xqbal 3d79), liovavar, in 
no spaoias prasantly Invtstigatad or varkad out aarlier in 
this laboratory Ih© ratio of xylais md phloaia oos^ es as high 
as 14 I I or !;& I X as has bean reportad in iil;^ 4f^  oongoior 
(Wilsott 1963} and Jima aeeiflent>^ |^^  ( jQsnua ld55 ) . immg 
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th« pitMBtljr inv«stig«t«d tpeeit* this ratio dMt not 
•xe«ei 7.2 i 1 , th« highest btlng la Jg» gftflalafe* audi 
%h9 Icwttt in £• flitelattt ( 1,6 t 1 ) • H<iif«ir«7| In 
Pf^4|.^ia gnuLlazii ft f rui t tr««| Kkm (1977) iiat rtOftQtljr 
r«portftd that phlo«a i t produted i t Iftatt t v lM ttM 
amount of jqrloB in a ealoodar jroar* 
li'k 
Ih6 pTumne* of fmetianal sUw •i«ia»nts round 
tH« fta in voody dlootyUdant baa baoa f«port«d bgr mmf 
vorkdrs ( £s«ii 104S{ Hoidrwld* IDSli Kvtrt 1961^ 1 Fabn 1967 )• 
Iho plilotB in titi9 Mjorltjr of ^tt p l^ts ^eosBtts QonfmetJUxial 
In tbd sttiit MftSQo in. nhioli th«j aro prodae«4 ( is;$&a 1939| 
0945, 1950, l<)65a| liaber 1939} >irttehva««r j^ SOi iivvrt I960, 
1963«{ 0«Tif and &ifort 1966| 19^f 1970| Derr and ivart 19€?t 
I*aim li}67} idfiari aad ^^ vort 1968| twskMT 1968} fneK r^ and 
Mvart :1969| iUawtaii 1972{ 'mm 3977| ^otasa and Ha^iai 1979a, 
1980)* la tha praaantly- Intaatigatad Myrtaoaaa aaabara 
alao, 1919 slava-tatia aembars prdduoad in tha etm^mt 
grotfth aaaaon transfoni Ijnto soiifiiiotioEial mita doa to 
tha dal'iaitiva ealloaa aeemal&tion on tha aiafa plalas 
md lateral walls aosnar ^ later la tha saaa aaaaoo. 
ma phloam for»&tlon aa a raault of easblal aetivltar talcaa 
plaea darizig uetoDarwDaaambar i& ttm dlffaraet apaalaa 
i&fostisatad in tha praaant atiidj. 3at la ^ aitrlnaa aad 
&.• JlBll^Ltti ^* praeuraor i^loaia fora in n&^ and ^prll 
raspaetlvaly out of the ovar vintarad phloan aiothar 99llB^ 
lb la pr<»euraor phloaa about 60/tai ia dapHi ia £» aitrintia 
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r«mftiii« ftmetioiMd f9g m^nt six ^mtli® md twmw IAIOF 
ia Oet4»l)tr m A m*^% of easliial p«owtti« l i i t ^ l o t s of 
ueto^r fenalns fmetimal foa* alKmt t l i ^ l maatlis !»•*, n^to 
Mi^, aiffiUarlTt la fi» JaigSSkQA ^« pfocia-ior plilota of 
SOyfUR (lep^ pro^tieea la Mpril| Imeoots ziQRfiiietimal Isf 
aetoter t»tmm ^& curfont jro*r phioeia i t pi^tsetd* Si^i 
i t fvisiiltit f^ellonai for ftbont tias so^ltis* 3!it pliiots 
prodi3e«>(l In Bovesilser immsMa fmctimtl far atx^t six ffioiflit 
t i l l %ril, i^xt| i^tzi 1^® pT9QW9mt !^lmm i t pvo(ti2eod« fho 
l^lotm In ^ i|i^ piil^ t& milk* In ^ t o^^r tuo tpteiet is 
prodtiottd oQco In » i««f« i«t«f fyois Hoir»»i30i^ *i^ o^ l3tt? m^ 
tbi t ]»«imfti&t fmisti^ftl for a.lKmt 11 e^mtht 07 t i l l ma ntv 
plilotai ia prodYicodt M M&mtmf ntxt* lloiftv«F| In t i l tlio 
^ r t e itzivtstii^ Ated spoeitt »o tloiw-tiitMi oleffitat appttrt to 
rtirive Imc^  to frnttim I& tprifti: tfItr vlutt? t t luit ^ots 
roportti In M m M ^MEIA ( ^oaso m&. StsUsi l i ^ )t £l&3li 
ms^L C^fiori «id ^i^rt 1063)1 ^.^IntlHlt Iffllflf^llft 
COHottst m^ ummi W:79d),iMUmm% SmUSil^ Ce^iiiot 
ma 8«ith wsmt mMm m^^sm i ^m wr? )t ommiftMlm 
(48<ltrtc» end Kvtrt 2d^>f l i i i a ^a i^^ ii^ ^ft (Evoft 101 )^ | 
Eftn imQU yjtit flaiftya ( itttt 29^ )» 
UG 
itt^i^yBi-^ f^t^ftt^ «s4 ^ifijt^ft l i i l^yiift vtis ei^ rrl^ A tut 
for i^!*»» emMeuUY* (s«l«ii4«r jNi«ri C If76»ii1^ ) with m 
lilt fofsiitiflii 0f i l i 40timtivt tisititt iv««| S3rX«Bi «iift 
l»lil<?^ « i ^ f«*p«Qt ^ s««90!$4il m$ Aft •ff^et* & • i«stat« 
1!li« m^enl^ nfiiMiis 41i^lii|ni ft aenttriitll'lftd i trmti^* 
and 0a;i9i«%i of ftisifof* «&4 t«|^ luitlalt* ^ « fusif^rii 
laiti«l,« imn t» Itmsfb fr<» zmyffS/^m in g^ t^tt^^^a^ 
ls« f8ttir<xpii toitteit mm pn^ral^ fi^tla^Milvfttt «B<I ham 
I f J|@l2ililfti ^ « l«igti of ftidtfors liiili«|.s i t liiflQiasii4 
1^ s«»iiiiii«& v«rJUiti^ «• v t l l Ai ligr Hie m^ of ^ « tf4Ni« 
ag» 0f t^« %mBM* lk0 wm^ httkig hi^ In ymms iSamta m& 
%mt i s tiM»f mmB» %i« IHQT^M* In l«3tfHi $m» vi^t& e$ 
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I ^ tar Initial* sultlplr t« \mfmm wmm la wmmw 
m9 ^« tmmk grows »l,itr and niaftt• i«if fir laitl«l* mim 
%iW»w ttm m m^^i93^ mt ^ l i &» twm m U^UwtX mil 
9Qt &tt ^m »i£m ot l9r ^ t twmwmtm MpMntfttioii <^  « 
«iiol« or • pat% of tlifi f»aifom laitiait* m« n ^ beeoiMi 
in* ifo§d i i diffuse fojfoii* M « l l ^i« !!»?•• i^oi«t* 
1^ T^9 mm tmt^mm^mM in ^ §f^pf^^f taa 1» iMII^yiyil 
hornQS^B^mn la ^ f>^m^ Kid vmnt ^ l^i|^% «id nHlli twm 
mm %»m,$^ 4f 31^1911 tt9Mlt ana l&«ir pi»f« sit* 
•zi«, 3li«ir mtimtlm rmg»9 ftcai i43»aS8/itia in £• ^i^^nf^ 
relation to mm»mm 
lb« mm limits of xylmti tIMm* alto m&ww % s> 9^itiif« 
inofOftio vitk ^m gwom$m t i ^ ^f t&« twmk m€ tm$iiB$ trm 
4mMm/^m la ^ SiiMMm» S0l-^3/8@ ta S l^^ f^ and 
7|^ «30?O/M la J» iitti^ljiii la 4$Stintmt a«o groi^ tftos^ but 
^•jr aD» t^t tfioff ffoa^f disimiimftl vufifttim In roltttiim to 
l i e 
ani from S@t»7S0/K3 ia ^« Im^^^U^ MI & ¥«itsi% 3f attc^imAl 
flMi si«ir«-ttib» @i«»l}fr$ p^t iMi e0ip0md si#r« platss 
m tSmir 9Wkiw» ^^ v»ll« In A l l ^ » ^ f t t» apwisi*** l i i ^ 
nil* i^3.0i^ f i i f«« ero 4 l i t ? i ^ t» ( i Hif^msli^l tiMi 
s«oimd«f9r Idiots In ^ s r n e t t f i i t l e p«tt«mf» l^wf grov 
lut r t t t i^ i i l^ ^ m^ m^B m^ attain » Im&z^ of »l>oiit 1*4 to 
E«3 tlJMH ovftf t ^ JLtnflli of ^ o l r JfosfooMvo owHilid 
In i t i f t l t l!^ ^ o ni^oeiot l^vottigtte4* 
iO 
acneonatiel^ lRC s^locsi in Utii^t ma wldtti In AU tht ^Tm 
•|Ni»eie«* thtjr Tar^ r In h*i||it ^ » 1*38 cKiUt in £• »itylin»y 
froa 2^ 6 4$«llf In vMtti* 
l^ iii MUviti^ jr 9f vssetilttr e«ttbitai l&itiat«i At diffcrtst 
tim«s In diffAVtst tf^ vciM* 3ir«lllxig »r ^c c«»l>l*l eviXt 
l^ectirs in tti« first v«^ of jQljr la £« eltgiatjiy In tli« first 
««elc af 4iiifuit la S« amcaltttA snit In Ihs tblrd dr fma»t!i 
wmk of Mi^  in ^ inM^^SSiik* ^« ^^ ^^  division oeeurs in 
th« last ttisic of JoXy in i^ * filSll&Olt isocmil vMie of AUfi^ t 
^ J* <^^ f?^ -^ 1^  «3ft(l first ifsiic of Jixi« in £. fjifMii"^-
3£i« easl^ iitis imtfrnua dorsftQt la OetolMrt nmwMT mA 
Miir<^  roi^pootivsly in £« fiUclUMi I» usaldlyi «&d I» jjilyiliat* 
l^« totsll wBOfflit of j^lta prodfsctd durisg « oAlofidir r*«r 
coB«9 atxmt 400«4^/uii la £» jfils|C|||2i&t i700*2200/u« la ^ 
jMienlfetf and 9J^ >»ld00/iiB In £« jAiliS&fll^  ^ ^ * diffsr«at 
yrs of invsatiffttim. Iti all Urn thraa easasy tita xyXaa 
for&atiois praoadas l^at of phloas* 
Ilia phl<»@ foxvalitan takas pl&ea in Oetobar in g.eitgifitiiy 
and in Ootoi^ rvHovaalMir la J^ .tf^bol^i^ imd 8ovaabar«»daeaab«r 
X& S> iiat^i^a^ Xlio praeurtor phJio^ f<»*aati(xi takas plaoa 
^ £* fiil^ydlii, «»<l I» Jlilt^laaA in Hasr and %i^ raspaotivalr 
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l^llliyiQft u l i i i t t^« etsriMiil 3Ni«i»*t pM@t» mmi^M* fmetlomil 
m4 for ftb^tit U »Qa^« l» S ft^i^a^> 
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f$xm 9M Qth9T iimU9Tm» f^elAs* MU Q«B« ] ^ I 
of ^ « ^eoiida^ j^l@es tsk i$m§m smm «r* M% SSt 
#f w#oA In F<^«8| l^'Mt*! 47@«4iS| MA^Mwio Pf t t t f 
»tfiset«up0 In fvlfttioB to ^ovtt i In SlBilSftlilt 
^•mlopmmt In JMl^SMAjy^ ^^ *^ ^ ^ ^ < ^ ^ C&Ds*), 
i tggiitatw) 0«S» £t«pt« 4gr* l ic^* anil* SESl 1^10* 
jurts^ini|«rf l * . BiO* I M U I » fftet€»r In tim AtitmtmtU^ 
tioci of ^% mem^oixv x^tMm m^ i^mm la po^aa* ^ » 
IV 22 
Bftil^ lTf I*i« WW* ^mnomnm of e t l l division IEI Vm 
embirn of arlmr^sctot ^mios^fstt sua tlt«lr 
^rlologicftl sipiifi«aiic«* ProG* Bm%U A a^4* 3oi* 
St SS3»^5 
3^0« a « ctsbiaB ea4 i t i d®3rl9«tiw tistntt* 
I2» 3iJie v^UMims df sambiaii; Initiftls ia gjr»no» 
speiras ftnd mgiotptTSis* ^ • J* Bot* 7i 3SS»3€7t 
B23» lie casbim im4 i t s dtriT&ti^ tXsmmt* 
1% His Ines^asc in iitttk of essMw* Jis« J» 3cit« 
....^ 3ld§3* &iriiltitioii of tHe traolitfiiTsr titso* ^ 
, 30@7# ttiB pQtm%iMXi%U» m4. linitaUons of 
vooti armtos^ la tiss st%i(Sf of i&m f^logtajr and 
olaasifloation of angioapasma* J« Aimold* itift»or» 
38t 24S»2S4» 
iasibari, B*&* 19@B* ^B m&tms^ of ttie littrlit of l<a|»tos|«?* 
soUftaa* Aunt* J* d&t» lOt 2S»S4» 
Bamiaciy li*M* 3050* llie ffaciutnosf of anfcioltoai diirisioot 
ia fusifora embi^l caUs of c%y^ «iyfypfu>if^  m» j , 
Bot, 37« 51l*5a0# 
. 3063* 2ts» aoniiai oycl* of sixa ehanfaa in tim 
fiisifom casbiaX colls of C i^(iaftfiTO,irlt m4 Jtll||*» 
,.- : 10S3. Farthtr olistx^atioiia oa ^ # fodnotios of 
faalfcw ca-.bi«l caUa in JHUa fgal4yaM4i ^« 
Cactad* «7 , 3ot» 31t 63«74» 
IP 3 
19iS» %• vftsetilaif oaaliifai «n<l fAdlAli grov^ 
io lml& «$iaSRM4f, J*» Caii»<S.J« Sot. ^ t 113.i38» 
,,.„..,,^ I068t OiBstjial twiiftfi^ iBr Willi tmf%vmm t» 
ct i l Imtlsh m^ wing vidlto Is U a ^ a M s t o J*« 
Can«4« J« i©t» 40s l.OS7*306S. 
of dicolylodoiia 1» Hie prialtiift raf strti0tiii>t« 
^» J* Sot* 87t 930*93* 
, -.. , .,.-.., . . .. ,„. I041»«» l!l« «Clt<}g«fi9tie 4«f«l(3p8«lt 
«sd ph^lofinetle tpeeiaiisatifxi of TK^M I» Us* xytm 
of aioot^ X«do»s« II* Koiif ieatice of mm multis»riftt« 
«ad imi^riat« r«irt* «^« J* ^ t« 28i B?3*S^« 
,,,,,,, ,, ,, it4l»bt fh» Otttogtaetic atv»l<^i^i(t 
«&d ph3Fl.og«fi«ti6 e|Mieialii»tiA of FAT* ^ ^ * 3^1tii 
of dieotsrleilms* IXX* SNi tUslnntiai of ti^a* 
Bull* Tori?®y dot, Club# 681 Slf^ SS^ ff. 
B&r^imm^ fi«S, 3064* S^oltitioa «^  o«mbli» Sm ptoloilofti 
tise In isiMmffmm M*3* (od*)* fUt fcnraatim of iiooA 
in f^^st trootn ^a^a io ymn$^ Umi ^rkm 3*3?* 
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M^ibl^ J»a« 2041* Stt 9ft9et of i^dtitiim iriHilii ^ft ^Irn 
upm fl\3m Imgth of Xo&lolijr pix» (£|&iyt Jiidi)* 
J, lur# 30t 30*33. 
f ibM i«iif 1^  vi^lii mm tmm Qf ^•l.yotai^ IBiIQMIi# 
4iitt* lor, I3i e6«t«» 
* aoti^ &rdy il»8* lj^ 6X« ?ariii&iUt«t d«r 3l«iHiiit» diet 
* ^aua, i,Jf» 19SS* Btittag* suf imtvi^ltiigsgftt^i^iitt ^ r 
s» Ham ilnanui »^ a®*» o»», sti ia7.24i# 
%!>«« of Ulimi i l i l s a Mojrle «x Sard« «l€N»di iloi* Dt^lsol* 
31 I09-U6» 
Sttt«*Kteldt itO* 3j9?8» a«v«3lop£i»tildL Qiia!ig«« la Vm emhixm 
9^ MfgHyil<WifBf HJMyil < i^U4. Stw ^aland «^ Bot« 
-...,. • , , , , , Wf^* Ih© OBtogtay o f !& • iratevdtar eaabitss 
CParis) 243$ 1908*11* 
BiQehtrt mi 'illii«t«ii l«v ?oi*k« 
-«.«««•«—«««, W^* A I^AOff Of ptttdds^i^osis la i i e ^ ^ -
pmMBS^iM^mM, ^* Ci^«r«ett«9> aim* StiU 8«t» CBot»> 
3 ^ Ser* Si Sa^mmB* 
• i ^ a iprttc* CEtot fltfjS^finlt Citr#) i « * f t 0 ^ 4i 
Chsngf :ring*P« 10S4*** i^rk stro»ttiEr« of tiw Bort^ ^MFisan 
0sciif«ra« »«0,O*4. f«di* Bull So* l£KiS« 
-r. ,.- ,„,n,i.i, 3054»b» M&tomf &f Qfmmm. M&ttb iamtiQm, 
pvHp wm& bftfts* t9i^p% UmQf^t^h 3oirl*f M&* i4« 
as f l to l l i l* AUft* ^# Bot« It 40@«43S» 
]JI55*ib 2tMi msMm^ of barli l l» Oil gtm^M 
- }iSS«^« Sio «EisttQi^  of b*r& 21l« asJlargt 
•loss«t9d ooUs in ^ 0 ^ l i oOOfs of i ^ o i o * of 
iiwalyg i^>i« ^^t» jr« sot* dt i^3i« 
?G 
1055*e» tim mmtm^ of Im^k 1?* EftaiftUy 
^ ]955*d« Ih© mmto^ of baric ? . * ^is^s^yytm 
ana f»rpdii0<l liarks* 4ts9t» J« dot* at I7d»l,76* 
Sa^i^ia CStnt* l«aU) ^ ^ * ^ooda Ills Ipi4« 
CliaaAl«| ?»I* 1037* 3ac«m4ai^  grovlh 1^ Kttwns of a tlti<^afiliig 
ring in eertala sgnoeot^ iadoiB s^* Bot. daa* ^ i S3i«$S6» 
—«———,«-*«, 3^ 4S« Otosarvatioris esi Iha phloas in ^a l^o« 
oo^la^QBtaa II* Mditioaal data on ^« m&vrm&im 
and pliyloisanatie apaeialisation In atrugtort of Urn 
siaira tubas In tb» taati^loas* m^ J« Bot« 35i S^*ISI« 
- ,•„, ,. .,,, „, ldS3* Indapan^^t <«?lgln of wawla In test 
mc»oeotr3.«aoBa md ^UQtfXit&ms, Phytm&wphoX^^ 3t 
23<»4i4» j 9 5 ^ . Research OTn K l^etvi a/w.oL VWee-m -i^ TCcjive'i.c. ^V ^i^t-u vea'>i, 
Mlplffgi* ^^*» cai. P|&* aot* aet i43^S8. 
. . .^ «na tMf i*ii« I04S* %9 falation of sati^^loas 
to tt9 ^ ^ 9 of vase'lar baiidlas In tlia Honoootr* 
'>'7 
^~J I 
^ «{iS i t i i t f^4 , ii#a, imim ^^mrm%%mn m <^# 
III* iJUiirewtuit In th® @®lft|M#«£3« 4s«J« 30t» ^ i 
«a@lilaati<m for J^ IIIOGB m<L Qcsiitiguotis Utti»s* ilftln 
Ohifi£tcTt »^K*^ * 1^^* ^ 9 $r{»w^ @r@2>t <dr e&Esiiiua and l&» 
str»etiir» &f vaseniar %imm In ^ « eom of Iffo^ fc^ i^  
ffi«yi^3iQ^ fainanlA Sit 3/l»^6* 
€&ot^ia>^i K#A« ita§* E^ftticm to^t^rpum e^bia l aetlviti* wsA 
fMlmt ^mml^mmt in torn tm«t%% %r«e3* P?o@« Isa* 
,„ ,,, 19^» ^ e f©3»atlcai ©f groifUi rSsgi l» Iiidi«a 
-.^. ;- ,.; , ,, , S0®?« Mst^iieo «ii4 fii4lftl grov^ la tropieftl 
i>t^l<^eim%s M Plant Ftiirsi^lag^, l3B<»ia§| Dtlhi* 
*«.««—«- BIS* aiftffirr ®^  aataBleal 4«f«ar^«« lis 
XMiHi Bursa ^ d C«jrl^« l'«rt iC# it'ood isatour* 
^ 10^4 Casbiftl aetivitlAS Is t»i^«r«t» mA 
-.,,,, and f«m^m| E,S« I0SO* £xl«i3Bicii «fid facia l 
^la^yUM)* ^^e* ^od* ^ ^ ^ ^^^« ^ ^ * ^ ^ ^ ^•s* ^ i 
Craf tS| i^S* 1031* Men^aent of mlm^ mi t t r lA l * Ift l^l«citi» 
Plant Plir»lol» at 1*41# 
-- , , ... WB30 BiMim^ttitm itrmtvem «iii ^imsioe&tiaa 
to ^ n potato.plaiit Fbytidl* 8i S3^304* 
stent In I M i S m lftll^if»^i* ^ * J* Bdt« mt 
944-9S1* 
-, . -„, WBf» s«fel<^i^titai eliMSi^i' ia ^ » v««cia*r 
tsmUm of ||f|%^yg|i, llfg|<|«|ft» m^ ^« dot. Mi 
,^, -, ,,„,.. _^, 3JI^*a* Oeirtlopstatal chaagas in tlia iraact^af 
159-146. 
...,.,,.^  I^ 60«t»c i)tvtl€^@4^taX cliaiigaa ki tlia x^rljis m4 
123 
szi<l ,. ,„ ,.^ , wm, at*»«m»l iti»lopii«it of 
Qmm ] ^ i l*^* 
m^ , ... „ , , J970* StatQB*i cy«l# ©f jpSilow 
<l«vtla^iHi!it in i^odir ^liwi* Bd«« Oi^ * ISit 108*1^i« 
P« MffA^^^* CmpKe»%i90 aztftta^ of ^ « v9^t«Uvt m§m9 
of tli« pli«a«r(igasi3 and f«ncis» Clttrftudsii Pf«U| 
Oxford* 
oerTf w»r« tad i^ imrtf E*l» I9@?* Hit eMil»ii» und •••soiml 
^9imlopmm% of tlio phiots la mMA PmMmm^U* 
iffi* J* 30t« §4i 14?*3§S» 
l3o«hpe»i«f £i«P* 1967* ImUi&tim of O«BIIII«I. aoUi^il^ aod 
l i s ra la t im to ptimvy gtowl^ In ZMM, an^ fflffiffift !»• 
I'h.D* tlmdii« tteiir* UlseimAliif i{ltooeitl2u 
dlavooelloy J«i^ « 10@1« l^o^ioid ind flbro hmgW^ In tlxibtr • 
« fofloif of Xit@3P4kti»o« loyotfei^r ^ 1 |jg<|»|.44t )1 
-- i963, Variation ia traolioid loiig^ la Piooft 
sitichSBSls CCttET*)* l)«p* ^«i* Xiid* Kes* Forost 
Prod, Boi, iipoc, aop. CliOttdo^ ) !«• 
130 
Plaat m&tm^^ m(^B» i U I . ^c«^ Co#» »«w torJfe. 
Proc. Ii»»d» Phi3.# l#lt* i^oe. 'HUf -*ectioo 3 i 5S«S?, 
HKAiif K« i t ^ , Osl&gtnr m i atrttt!ltsr« of t$m |^ l,d@B of 
l9M€69* a i l f t ^ i a lit a4d«434« 
, 30^« ^wl&pmnt m€ ntrmtwf o f ^ * ^ I O M 
tissiM* Bat. mn $i 3?a»4^« 
«^^ I0€g. f»sisia*r 41ff«t®atiatioB $a the irvfetative 
l*l$si^9 ia s««d plants*', Bol» li«v« 9f I^^SOQ. 
««• W4Bm ?a$6til«i>lJi&t&aa of ^ t m i i ^ ta t l fo is^mU of 
— 1^0# OtiRils^j®©nt Mi<l 8ti?tictm»# of tli© p i i lo i * 
t i»tQ». &>t» lloir, I6 i f?«lH» 
. ^ I t ^ b * ?«setiidr d i f f t font la t ioc i m plm%»m 
Hol t , Mlnliftift d iflnstory iov fork* 
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l@77« Plmt mmtm^0 JcHm u%l%f l^  Sons Ifm* 
. .^ «»d Otetil^t V»X« U9^« Sis« 0f ports «ia littlt 
mmta for As§imUi^ t» by tii« ««r* 4ii9€« ^* BioU Set* 
m9Ttf ii»i« 10S9» fl«r origin la ixsM mmm^ W 0 ^ la t l . 
iottt Cong* at 303* 
-«««,««.—— ^ ^ » Phloem •trtiel«f» In teSli <yffiim4^  !»• 
md i ts $0fttO!iai dia!t|tt« Iblv* Qalif* P»bl« Sot. 
.^ .,..- - W^tm asKs® «ip«cis Of omhlskk ^mlopmnt In 
i?,ygii» <^ <^ aai^ if* ^ , J» Sot* 481 479«4^* 
„,,,^ ,..^  2063« So» fta^ets of pliiom ^iwlops«it la 
I t i^ t @leroseop9 itiiwstlgfttiatt 9i nimim^lMmmt 
mU S6» 09§»}017« 
13}. c 
In r^e@t and itir^^ of ^@ a»M?t* III* £Qe^ yi^ .ttt». 
,„ .., 1007# I8t •)t, ^Plaiit laaalm *^'* ferfsaoo Pf«»s, Oxford 
„,,,,,,,,.,,,,,,.,, 19f4# l2Rt «a# «PlfiQt *mat«iiy**» Ptrf^oa Pi«i9, Oxf«>pi, 
I7« t^SFiibf iWlU Bffin Come* ItriMiU llPf lta«»2<^ » 
,„, ,,| atn^SassOQi It* aoi ^ftdttf f* 3072* 1 ^ fOlAtim 
truaas in FlAst i&fttc^ *** Cods* CHiaasoi 4«K»!i« mSi tmm§^ 
H»h UU Hoaf»v BiU, ioii 3ollii» |»9* 163P3.70* 
lostoFt ii*^ * ^ ^ « ^0 um of tanaio oeid m^ irm tkloriM 
for ft^tftlnf mil w^ln of aorit^sntie tistois* B%%M 
Frasoff b>«&* 30S2* l&itlati^ of oaabStl oetivitr Is ioao 
tommt tfoos la tettrio* Boology 3St SS^l^a* 
c^igor, B«B*f damdars, li*il* and CA^14O« 0*4* 20ii* 3^ Nm«looa* 
tloa «Ei4 «oei»iiifttiai of trifmsXoe&lw In ^i« sttgat litot 
potiolo* PW i^Qrsiol* Itmoftstt? 44i 3.6S7»l$es. 
^oosOf ii,*R«l!* ffiid iftsbait J* li^$* l^o «tomt of mtlm mm% 
of mirtloal ocm<li]ffiticiQ in tlio ec»iiilttetliig phloi» of sfflit 
oi?oi»i?o»!i md diooMtioQt troi^ ioftl ti««s« Boll f&iemf dot* 
Club* lOSt 2$t»^4* 
eaablAl s«?i2oti»ro of tim IMimik tr&ple*! %?•••« Fbjrto* 
loo 
fi®<i ,„. . .r:-:, : - .. l^^t># C * l l l «3 f th lr«|»i»tiOII Of 
plulQDii fibres v i ^ l n 1^ 0 hmk &f mm #v«ripNMii ini 
tr0piesl lr»os» J» lad* Bot* ^&e« S7i 366»a6S» 
IliSlli l^g^Wlf* ?tSFtc»o?^o|ogy 291 S4-6?. 
^ ^^^^.i3L £ | s l i Miin» Proe* 2&d« M%d* Bn. 80s 67«12« 
@aml»lAl struetcQpt of so!^ arid «?»« sp^elitt &t 4^insi§ 
^^ sad ,,,,„,,„,„,,,,, ir,,.i,a,j tS^ ib f i f l a t i c i i t r tad i la tfe« 
eaaliiAl styweti»» of ixmmM mMUmsk ^* to mUUm 
«ad ,.•„, ,,,-.., I9?1^ li» a?wids of sis« ir&riftti«m la 
fM 9iii<»&t» fiiuMs and sl«f»*tttl» eoils wl^ la tb« t>Ai^  
0f sam nrld sa!3« tf««s* Flora I66f 517*681« 
^ » «td J a ^ l | tit 39?S« BIndies » ^ « 1»«ric uiatos^ of 
iiosn £ii i |& ip^c^B, lad* «^ Mt* it 9I.«^» 
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«8<4 . l i t©* si«ipiN.-tiiiit pt&pQt%im i a 
th0 meim^wtf ptlmn ot Bom it i i i l i «pp* i^i* ^-^» 
Bel. rr# nMm mr^um* 
iii8!l«ar mm^f ^f tnsitmn easblAl luiti^lf In ff,|i|^^ 
Jill j^lotn fibiNifl vi^l» 1b« Ia&i4i of 9wm tfapi^al 
,,,„,,,,„ «B€ «.««.,*P»«-««»,..,«» 3JI?i&» Cull iwEigUi vtri&tiQii 
to p!iio@isi fil»9s vi^ln ^ 9 hwigk of four tropieal 
fruit %f» mos. wmsiM$ Bm^U^mk MJ^m$ 
<Miwi«^»iit 111 m9 mmtB of MJfeiKilt l lHS^ Boxb, 
M l i i c ^ i^7t,mm^&Uw m% mt^tm* 
J i^ li 
•»<! ..,.,,,,„,,.••••,,,.. W^^^* ^^ y*tlo of ray «B4 
eo}»pld3e« ^tiall, foi^«|r ;)Dt« Club* 1Q%% 3$3»3$@« 
„,„„„„„ aiifi , WW* InfKPnaif* ffovtti ia tti© 
{&I.00& of |^^i?oyB|a> j»3Li« forroy B^t. Club* fol* lQ2i | | i 
^ ^ «wS fuaiit, M* ^ ? 6 » . Eatio of i ^ iiBd tmif&m laJU 
%WL9 ^ tii$ vanotiliir e&Btiltas of eort&lsi lofie^lnoiit 
ti««»* I lord 1.65s 3a*^« 
-«««• «ad , , i^6b* Coll Itagtfe t rar^t ion to ^ t 
s«ecm<liinr ^hlOQii of Q^l^gfi% ipp, v i ^ liiof««sliig a@t 
of iTftseulifcr eas^lm* Mat dot» 4Qt I3«i6* 
« ^ f , .,„ .,,,, «aa iQbsli M» 1075a* Eatio of ts^ m<A 
fiwifom Initials In mn vasoular oasbims of »mm arlA-
itmm plants* Curr* Joi« 4At Ml*a62« 
««—f - aafi ... ^ ,, w>fBh» Sajr mA tmtiofm 
Initials in &mm ,;gi||^|a|| spoelas* Qmr* >ioi» 44« ^i*44^« 
•««^ , n- i-,-,r «»i , 507Sa» A etsiiparati^ 
MtVi^ m thm oasliial atri^tura of §<»• a^^inia sjp«eiaa« 
JQI. Jatorb. #s t* 9Si 4ll«417» 
^ ^ Khan, rUl*E« an4 lliaii« ^« I9?6b« ^ o m t of siva 
alaffisuls iri tii# saeotidarr ptelooa of $im9 I'^tmmmm 
Flora 1^1 489*4©2» 
»»i -, ••., : , «ad ifuBus^  H, m72» 'Urn ^ml&t^mtt of 
priisarir ^faseular oloimits In ^® naodlo laaiws of 
1[\G 
Japan* 201 16»i7# 
, ,,-.,,t fmnSf .%, Fotooi|tti| r, aad Safely, 0, |974» 
4 3lji|»l« s@e«raticii taeiinit^ for tlie stp&ratioei 
of 9$M-m 9%&mntB ir&m t£w }im3tk§ Gt M ^ ^ plm%9^ 
arstfi i * ys^* %@ anAt^E^ of pJtaats* n* HavJliiigSf Lcodoei* 
0oa||^ltts«fir. l<»«8t Ssi» St 3T?-^S« 
dm^eii il«i:« mt^ mt&min^ B«H* IM6« a tail* t of fiewlopat^t 
in lOBg ^oots m^ ^or t ilioots of ,.Q^ feir<j> ^iloba U 
!• Ph7llotasi9 i^4 tli# mztm%M^%Uxk of ^ e pi»l@if|r 
traseuiar fyttftmi prSmry pliloaii aa^ pvi^mtf x^ rioa* 
Ea^mii 8. |077« attiaias m tlia ptodt^t lm of ateoBdarr 
phloem in stKia tr<^ieal tfooa* l%#^ « ftiasit* 4ligaHi 
He^noiirioz, A* « i i HajRoyioSt is« 2@§3« fariatianii^of faaial 
aeetitrs andi f i l ^ss la tha trmk of pQaii^ i|fi I f^^ f l i i lt« 
4ctft iioe, aot» Poloii# 0% ldS«35@« 
±6 / 
iam&tig&tlm. of the c*ll vali Ofrfiiiiisatiaci ^ 
d«? f^elmik* St I03»307« us .-l&lii« Pisoliisi Verlftg* 
t faakftupt, 
dot* 8St 1.7@*24g« 
issm&M mMlmt%* f^*^* i^sia, «i i f i^ msism 
.... , m^ fSxQme^ A»X»K# l#77it* Ostog^s»tic slg# 
Flw% 1661 ia?*2S2# 




&h«ii, I««X«H« %07?# li« usiatomieal. 9%v^ of mi^ p*ovf3i 
e^tivilil^s of goftva* m^u^ M&BX®^ idig&s^ Mtssliis 
itl«s»nts III tti« woaS of |^ 8,|.d4p^ g^,%ff l»» &% 4lff9?«nt 
lt«i^% IcfeHs of the axia* ^wm* l^o* S«9» PI* ^el« ^ * 
,.,| Khani *^a»i II. Mid Uiafiiqiili l^rlQ 0, W7§^» 
liatio of rar m4 fusifona Mltl&ls la soat Hic l^^ yta i^|f 
of grwtn of woad flbfst m®T Hieir M>^W la i t lu l i to 
4 eoffip^ntimi s t t i^ <m ^ # irariatlo» to e t l i aiat of 
nood filirei and t^^ir mother Itilttois to •£»• spectos 
and <li^iitio8 of <;afiliiii£B dtteiqipetit to tli« iumtiem 
^^Si^e^ l^t^ ^ l ^ ^ f i^vi ioi) E€M^ « d^Xm foTftr aot« 
Club, 40i 87l*^3» 
&02lowffifci, f«f, |07i, C^oirt^  mA dswlop^snt of %f9«3» 
?ol, 12• /kea t^c}le Fi^sSf lev IToxic & hm^m^ 
Rtmd% 0«C* B4B* &@ snatosio^ of tli# two Intiait tim^ plmtB^ 
iistribttticm j ^ i a&9»lO|»i@iil« ludtan J* iot« ^oo« aif 
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mk.a ii@ii, 3* WBU Origin md dswiiopssnt of 
fi^«s of rm%9 (m)mt%^ uism <^9M^> ^^^* J^^« 
U&&»f&m^f «^ 193S« ytm pmtQ^ieitf of vooa fomatlon* 
K$lm Umstt Vi<i»ni0^0 3«X^« aiol« atr* 7i X-9B* 
p!il<»»a of 3€e» fortst t?«e8 from I i i t r i«# IZ« 
ftruettift of Wm phlom* i*v Phytol, 7U d3S«»^S» 
.- sad CasQsr, »-i.J# B70# Hi* pi»©p««?ti<ii of 0i«ir« 
dltis^fits ifi ^ e phloes of 90m tropleaX ^NMS# Plaaita 
96i 3§i*3S4« 
l*ftvtosi,| J«K, md htmtoaf 3»A*^» I073.* ^ftsosiftl Tfirlations 
in ^ « i^cmiaxy pltloem of som for«st tspMis f^ ram 
I*idse, Urn m&A Piiriiis«i^afm| H* 1S?a«. c^ tti® taristimi of 
^ 1 1 l«iig^ Willi is tlie b&ft of 9mm ts»opioal hanSvo^ 
sp^eits* III "a«so»i»e!i tfvn&s lii I'last HR&tm^t (tdt«) 
^oas«^ &*E*I4, a ftmiisi H. fata !-^  Gran i i l l | Sow 
mmu 
hmeviekf J«fi, I02S. i^ «&soiiAl i^tlvlt^ of 1^ « eiisbitM In 
sooe !%ortawo&8t«m t^ ro@s« .^f* 0l«tt Coll, l<^ftst» 
s.f* loch, Pmu S3, Sfraoiisn* 
!.», C. IT, «ad Chiaogt ^•^.f. 107S» ^oasonal a e t i v i ^ of HM 
casbiiM ia th« yomg &r«w^ of MsH^HlaE Ifgj^ltfia 
Bmm# fmiwMiia 201 3a*47« 
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H«iii30oa^  4. W^* C«ll grouping aad primmty imlX £9n«r«tians 
$xi ^i« eaBbiUil SQuOf q^rlem and pbiotm in Eluia* 
l4«rgarJa, N.^ » t Papeioglasaii F» 1077* 111© ra t io of ray 
ani ivmifGirm Init ials in smm plmtn donliiattog 
jm^itMrrmmm forn&tioeis In ^7t«€0« flora X^i 2|0« 
i^ieteAlftf C:«M« and ai«ik, L* BS0* Mato^ of l^n Dieoty* 
l0ilosia# ?ol* I* th^ Cl&mn^m Ff#ss, Oxford* 
MiEi<^ , £• I03D* 01* ttoff^wtfimgda ia der Pfl&iis«« 
Otistsir I ii<^«f• *r$iia« 
*- 1§43* Dixretila§iiflc«it d@r sitbarc^rea ftir 
drtiekatrosim^ii* liora 36t 2£3«262* 
ilunsanisi £»« 1071, atrt^tiiral oli^iies la tkm irAti^iilar e«sMi» 
^^ Uyai& ftfg^ ofaaa i*m durliii m mmmX QfQlWm s^m* Sot, 
mt 133*141* 
ri9iimfi»| !»?« 1936* ^atteras ia netrietiss of ^usetilftf p l^ts# 
Xn Coll partition In Hiring «pio«s isici in f^ o o^l»i&l 
son« ixk r@lati<^ to tai@ oaio«ptt of iriiti&l e tUs liid 
&pioal o«llfl* Fti^tooorphalogy 6i 1*10* 
Oti^ri H«iv-» ^ n 3Bf7* Histological ini^stiiatiaeis of th« 
soemdarjr phlots of ^eioapor&s* :^d9d« liand*l)OQi&o» 
g«a<^oal« ^^ai^ enlnpn* ^-TO* 
Falimili 0*a* md Prasad, li»V*i^ *li*iU I970* ivusosial aotiiri^ 
of onbiim in soiso tropieal tr*«s* 1« B^lb^yyl^ M^MSSSl^ 
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^ :. t SAlwKif f«s# aai AmaxmX^ 
r«r^#« E,ir* 3063* I n i t i a l vafetilsirisatiGii of tb« wi^tf t t i fw 
««so^ t <^ Milm smMm* ^* J» s®** ®o» 4«4-4®9» 
temm iJii U s t o t iSSii i l i^ SAtiarwi»s» SXt 3I7»33S» 
i^Atelt «^ *^ * ^^* 9mwmm9 of fiiiiitltiiiel«al« ftisif<»m 
i n i l i a i i in t a l ^ m ftfj^q^ffif* C^r« 4eU M$ Si6»S|?* 
P&ttiy&ft% F«a, j0fB* TmM of fariatiOG la f i i s ^ Imglk 
la baabo&s* lai i ia i lor«8ler @at E4|,*24a4i 
Pttilipsoa^ ii/«i* & w«rd| J«i|» 30^» Itei cmlOip!^ of Ite* 
iraitoDlar e » M a to ^ o st«s (if a»e4 pi«ati« 4Dt 
@a4»a70* 
- - „.f ,. .-,.„• md mt%»tti»U^ B»% l iT l , mm 
wmevl&T etmhivm^ i%9 <SmmX^mmt aai aetiirilgr* 
in iwsl igst im &t m0 vai is of eoniftf e«il)it», I* 
Expt* 30t« S$ 4:^«433« 
—.««^«*— ^ d «far4rq?t m 4»B# I04f• ®it sutMsiisr&fsopie 
argieiisftticiii nf t i# imils of eoaifot e«it»i!ii# 
Bioeliom* 3idj^«« 4eta at @49« 
42 
i ^ ^ o i of stiMrlni emb%al tetivit^* Froo* l«e@is. 
farintioiQ In s t r t io twt &&& d e n s i ^ n i t ^ l a a single 
l ^ f 4SSU4^« 
EaOi 4*1« | j^2 , FtfloAie chengss In t&« esisM&l aotl^it^r 
of jmau^saflltofia.!* *^ ^^ M. sot. soc, sn u-i?, 
iiobariiti jl«»v a»d ^Ildval« P« l i ^ « ^ QOs^«ratlf» sta^r df tint 
ultra ttrueture of t ts t lng «ad aetiv* eaiil^lw ^ 
M M l lMHiE W Plftata 841 2^^^®. 
* SsstlOf <^« 2B63* Varglaletiaiiaa t£itarsi»^^iini«fi u^r dia 
^Uiai^asat^iffig das HolMori^rs* B&U @l» 357*363t 
Zm*^&i Sfi^-3S5| 389«H*i| 401«4I2» 
Saals^t E*l-i« 10S4* OorisMiesr ^ i^odjr plants* mn* Mw* 
Plant Pby@lal« 5i }S3«^»4« 
SaaS| J«K« B ^ * Bdtanleal Bsl8rot«€ttfi;i<|ti«» loira stata % i n 
Pm$9 I0WA| ir«a.A» 
Saar9@i;izsi| §# WB$» Qijsmsimml diata altotit fi&ras la 
Madb^ ld* 
Seli&aldidrt H* 204S« Iha a&atdRjr af Paaeb and Ctiai^ lililsas* 
Bull, fofffay Sot. Cliibt 70t 30?«IS6« 
. . ^ I0S2« 1%a pbloas of 1^ mm9% mfmm traa ^laili 111 I ii 
Hllga^la 2li 33l«336» 
143 
B5S« Oato^B^ QS l9mfXk tv«9 IssrlE* m* «r* 
Sdtif Hi?* 307@« Mvl^ ontogtQf of ira«e»l^ eirblon* !• 
Jl iyggjyi^i^ B«>t!. r%g, foitjroSSt 111-124. 
<^^ M&ll^ ,!?||iQ^«, itHiold &»^m, J * 4ii l^*302» 
-^ , WWb* Utm^mtf i*lot» la t^« Pism^m* 
Callf« llEiiir« P{iM.s« acit« 36t 1*14B, 
,. ,,, m€ o» ari«ii| ftf. Iii6» ^ ^ # ttllr«itf»ett3^i 
of ^» eastHiw and Its d»fimtiiw8« I , 0aal»i» df 
Horn ikSI&Byi «^ Pr^t^laiaa Slf 2S7-S7i# 
shoot s^% of imi^tii i^aufgylgtin ii^mh»> m^u nu 
C^tologleal ftsptots of vose^ftifis&tlcxi* m* Jt Sot* 
33f ^IP4S* 
3947. Orfaai««tlOR of m« i«iOot of |^ ,it1 f^lff«gft 
^^ifoli^ ihrnbt) aritt* XI* ¥a3oiil«ritatioii, ^i« J* 
aot» a4f i7B.^^* 
• S t ras^rpr , B, 1S01# m»r ^ » iiiii tied <ll« mfwiehtm^m 
a»r Uitmgsbiimm In ae» l>fl«iiiiiii| iistologiselit 
14 
.,.,,.,. .., and iiwrti lt,f• %B&^* *s9mmmX d^fvlopimit of m« 
27S.SS4, 
^iti^laaUoR of etfiblal aolivit^* Fliytlol* Pla»l 
2Si 44«40* 
. . . W&th ^ « of foots of mxwUmmmt m 
wood fOKmtiGik mA emhiaH mtifi^ In a%^|| | 
^ Iiiphs^ltBi i« ana ralniy A* |d70* Ciesbial 
llatdrojii 4«3« 19M« 3li9 ao^ioilJa of itfffaoo groif^ 
Introiti^ d !» Vm €,lff%tm%%m%im of fibifot and 
trftQ i^<l«» Attst* J« 3ol, 21 i66i»3.7S» 
ildfolniii F«l« I0S1* droir^ itudlot la wm$^ spoolos* 
l¥« 11)0 laitJUitlm of eoia&iftl ootivll^ In flu^p^oue 
spoelos* Fliirsiol* Fli&loftiii 4t S46<»aiS» 
-«-«-.««-«» «ad toljtrts, 0,I*, iiSS» Phot^^rioaio oontrol 
of mmhiaX activity ia MtelaiMfe pgfia»>t^igk W 
low Phytol, ^ 1 356^^ . 
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I l» CStn@r«l> l^ftttarct of burlc odsfiatrtietidi In 
y i | ^ t | ¥# }033« aadial grcnr^ of llt« JKrl«» aai tli« star i^ 
low Phytolt ^ t T?*96» 
girowtl|f, <«&«) AOiiXoifskly f*f« lonald Pr^sSf 
i«v forlc* 
«i#ilooX| H»| Cimtmtof>| !»i l*| F^ro|«»d, 0«B» and S»itl}f ri»l, 3^$« 
€lis@icftl ialmrMlag of &«• ptiip«vood 3peel«s» s ^ t t 
Oait. 11.?• Col l , lor . f«eli» mu* 77, 
$«iisaa| B»r* B63* laersasa in c t l l wall iii?fae« at** <lirliig 
^IftTgesant of easbial dativmlivaa la 4|^|f| eoi^ qolog* 
^ * J« ilol* SO I 9S«302, 
,,........,..,......,.,.^ ^ B64» /i BOdol f<a» ca l l ^podacUoa W * ^ oasl»it» 
of omifars. la :^ H« idiiiiiaei^ sam Ca4»>« 3%a fi»*i&tiQii 
of vood in i&t9B% tpa#8* ii<$«^itie F^sa, Hair tmek* 
twxm^ i% 1^6* i^ afttOttleiiX stiidliis m Iht bar^ of t f op ie^ 
plmts of aeonciilo vdliia* Ph^d, Hiasiai ^ i f a i b 
]4G 
of 4^3 «|}«olj0S of voodlf <li^ 9t^ l«dQiit liileeiinf to 
85 imUi»»m Qtmmll* Ex^t^ St&« Hmh 35i« 
• Orig^al not Mws* 
l^hoto^ierographs Qi cambial strips (faimie &e%^*t@wric 
eliloride pi^paratlcxis) of £» Qityla^ la tangential VIMW 
at liO X* 
t 
4 Oorfflant eaiabiiM of kpril eoll0eti<»i stiowlng 
raylJUn&tisls ri€h In t^mlns m& dark stained* 
r 
BmG QmbtBX sMiples after ^mmm^f btesk In 
August I sliotfing thjhwalXed fusiform ini t ia is 
andl^odlera^ly WIQU tanniferoue t&f initials* 
i & oambiai preparatioa itom a iroung shoot 
axis siioning tsostlj imiseriate ra^s* 
I«F Caisbiai samples of ^oveistmr m4. Dec^ber 
o^ileeti^ms witlii thielElir aewloped radial 
nails exiiibiting prominent beads anS 
aeciiiiulatei tannins in rar Initials* 
P L A T E I 
fhAn It 
Fhotosiierocra^s of easbUI strips (Xaimio «oid»f«rri6 
Qhlorlds preparatiODt) of j ^ IH^ **«^ *^*^  la t«ig«itlal 
•low at XlOx* 
tho btgln&liii of donMQoy* 
d tonaat eaabloi of ^r l l eolloetlon Aowiag 
ttxi^ ia4 btftdod rftdi&l walls of fuslfom 
Initials and taonln rich ray Initials* 
CD 3aBpXas of aotlfo eaablm (Oetobtr aad Janiiarjr eollaetlons) showing eoaparatlvolj 
Ihla snd faabljr davalt^ ad baadt on radial 
walls of fttslfora Inltlala and tmaiamtt—/ 
poor riqr Initials, Unlaballad arrows Indleala 




FhotOBlerograplis of oaai^ lal fai^l.«t <t«i»ile aeld^rerrle 
Yl«W ftt l i d X. 
BmC Aetiv* tiBbioiB of ASfust iQd a«ptoBil»r 
Kiovins ^In v«ll«d fxtslforB SnitUls and 
tanninfl tt99 or poor t&f Initial•« 
ieviaibar eaidi^ lai ^laaginf i^ift to doraant 
^aaa« 
B*F DonMBit taftblUM la Jmrnry Hid labniarr 
^oi^g tanniaa rUk rajr Initialf wd thiek 





fUkU I f 
(ttemle ael<l»l9rrlG ehlorl4^ tfopMNiUQat) pMudotrwitiwrto 
In %m§m Ual vlov «t 430 x« 
4 DosMAt taftbiw Covins rftdiftl vtlls thi^ 
iQ4 proilaoaUr M«4od fuoifortt Inltlftli 
and tannin rich ray iniulalt* 
• A dlYldlnf ftsifora initial • ahowing aovly 
folnoi patudotranavorao vail (wiUballod 
C Shovini & aultiaooIOAto fuaifora initl«l* 
i 
& tliUteUod arrow indioatoa an olontatod 
n«elo«s* 
PLATE IV 
pr«p«r«tlaifj at 430 x« 
istrutSlsf fiiiim@ ialt i&l. 
0 « A isrtp&r&tioQ of ^aiiMry etubim showlnf 
aesuj'4ltti» of tfitanlas io T&y in i t ia l ! m% 
tho atvol.^lBg fe^ads oi th« r«4i«l v«ll» 
9i tuHfmm laitl«la» 
P L A T E V 
pufE n 
Fiidtoaiordgrikphi of l ab ia l ua^lM* df |^ 
in tangdnUaX •i«v (Xamile aelil»f«rrie ehlorlit 
J^rtparftUoat) at 430 x« 
4 • Dormant «(u»blQB (Fo^eTtiar; eollootl^i) 
•Zoning oxtrftordimirily thiek beadod 
ridiitl ir«llf of fuslfoim tsitlals and 
#g«i«ratiiig BiieUl (tmUbtllo4 arrovt)« 
S»0 • Sioir (atrovs) a aovljr forat^l paa):»lo* 
tN^svarst vails of varying slia. 
PLATE VI 
IPhot^Kitrograi^t of e«a%lAl tftspUi of £» ftitg^a^ la 
tanfoatlal vloif ( Tannio Mid»f«rrle i^lorldt prtiMO f^ttioaf) 
9k w ^WB^iF ^ H ^ 
4 HovMibtr ooUoetioB ih«idiit t«inin f^ oo 
raar inltUlo^ « foslf^re IniliAl vlth 
ttivoo dofoaofAtlaff ftiMUi CUaok arrov) 
piot^olraiitvorM wall* 
B • SiMwt a futifoftt Saitial vim fivo imoloi* 
of varrlBs slM (iMilAbtllo4 arroirt)* 
PLATE vn 
fUkfE nil 
PtiotOBierogrApHs of J» ••aiiiata essbiai la l«aittat%l*l 
430 z. 
^C • 4 ««Bibiftl sample ^oirliig BBltliit%l«at« 
ftwlfora initialt* Utilatell^d arroirs 
tedieate &«eratie iiiiel«i* 
d ahovt « laterally cut laai aliapad rajr 
initial (mlaballad arrov )• 
PLATE VIII 
FUfB IJL 
Photoiilerosraphs of eft»bl«l taspUt ( 4 ^ ) of ^ JlHttHlBi 
in tiiic«nti«I vl«v slioiriQg BiiXtinueX««t« futifona 
ia i t l a l s and differeit tjrpat of nueleS ( tmnie acld> 
lar r ie ehlorlda praparaUoni) at 490 x« 
P L A T E IX 
fhAlM X 
tiOBS)* 
C ntaab^ilva arrov) and j^otis Hixf iMssit (IW at 110 X. 
m «&l«rg«d porticii of nm*em$mtiag phlota 
proBlawtlr i»f«ilof«d fil»« btsiit CFb)* 
df jpulMs fllirts (lb)I at SS X. 
I> • Shews 9u«e«tslv« p«rii»rmf (PIE) ^d 





^ ^ ^ M R B 
KK 
K 4 F 
, 1 1 « 
tff^^^'^0 
^^Bi^ i^ ^Hfl 
y 4 i^i^ iiW 
PLATE X 
r&AfS Ml 
PliotoiBlerogra{»hs of bsx^ 9mptm9 of j» aaaaia^ la 
4 • A Mi^U of jroaag shoot* 
B • its Rdiilt bftiric ihoifi&t proalaoat groi»t 
«f •Qloroidf CSC} aiKl • ! • •«• %ii^  mm\mT9 
A slooo of ottttr iMi^  lowing poridtiw 
<PMi) mA flbro btfi4s (Fl»}« 
& • A sart of nc»«ooB48otiiig ^ o o s showliif 
f i m biQds (lb) 104 ooB«f«ieUaRAl 
itoffMmOd 6iOVO»tttlM OlMltllt* (ST). I 
P L A T E X 
r u f i XIX 
l^ hotc»leiFogiNi^ t of ^ l i aWl i i i 
af jromt moot la trftaa«oUaa«l viov 
Aftotf) and ft port of oettr xrl^a ^t 2.D x« 
B • A tr«naoetlm of adult b»xk viV& xjrlOB (l«««8Qid propM«tlcn) showlsf fil»ro fAiNilcles 
( f b ) ftt 86 X, 
C> w 
0 « 
A HMBAtoi^llii^BisKtrlr \»om ffopardtiOQ 
of Imrk la tra&tootioBal. 7it¥ shovlsig m 
voll iovtl^oi porldnpa CPEH) at 430 x* 
ft«ii«a longitoOlAal. ttotioi of borlE (l»aoBOI4 
mpftratioG) ^owlaf i^ooa rayt h«t*ro^ii<ras 
Sfttiro iritn prottWibiKit aaiS i:^ ?ight eoUt at 
#30 a:« 
PLATE X I I 
! phktE un 
obliqw «ilvi8laos m £mi£imm Mitl^s itmmU miA" 
€«>0 • 3hoif ^ e radial obliqiw walla (uQlalMillad arroirs ) • 
P L A T E X I I I 
l*t;«ral fQtioa Qt ad4ae«it rajrt.V and *i9^ ' also s&ov 
ti^ « ^«<l«d fial<r« of r«di«l. vftlli «t 4 ^ x* 
P L A T E X I V 
FUI£ &V 
Photo&iierograph of oaabial taapUt ( iuD ) of 
1* mmlali shoving fput ting up of rays 1^ 
intruding fusiforai initials^ st 430 x« 
(Xaonie aeid«l«rrie chloride pvaparaUoiit)* 
PLATE XX 
PLATE XV 
, i . . f & Jt tMtaU .OO-KX «>1<H» . t i « . . f 
•1430 «• 
f 
lu»s • ShoviRf lftl»r«l foflan 0f i«r9* 
C « stiowliif « Qtirly f«r««4 &l.ocll«d rijr 
'«0Q4itlaci l«ftdliit to jlmteral fusion* 
4 fai»% of tbm Biiltitorlato r«ar stj^arilti 
^ tiM fticUaa ^  m fusifoni Islt ial* 
P L A T E X V I 
FUfi icnx 
PliotOMiorographs of euiliiai tamplMs of J» Bffiaili^i ia 
t«iig«8ti«I vi^ ir MtiOwUig th« ttrueture of cambiOB la 
youQg and adult trtnka at UO x* (Xannie ael<l«>«rrie 
e^Xorlda praparatioot)* 
4 • A fwmg ahoat sHowliig iniaatiat* 
rays. 
i»F Aioit eaabiiBi witli ooa^avatlvvly 
te«ad and tall rays* 

FUTE xnn 
Fiiot««lorogMplit of wood tasfUt of Sut ^ityi^i^ md Its 
eoepoiMiite* *A* t *B* «r« H«its«lox9rllfi*JltBfti^  broiia 
prop«r*tioiiS| 'c* is *i>* » • faimie «feld*r>«rrlo ehlorido 
^roparaUons* 
j » * 
3 • 
X^AQfoetlon «t 110 x* 
A' traasoetioB «t 430 x* 
C • A tanfciillal laBfitudinaX seeUoc shoving 
v«ss«is vith broftdsrod pits at 430 x» 
«> • A radial longitudinal saeUoii sboviog 
hftavogtiioiis rajrs (E) at 499 x* 
PLATE XVI I I 
PUIS XIJL 
Photoelcirofvaiilit of wood Uftplot of ^ aaeiiifct^ 
(HooMtoX7lln»3lMork broiA proporaUoai}* 
A 4 & traotoetioa sb^i&c a radial row of 
vottolt at 110 x« 
B # A trantaotioii fhowiag wood fibroi (^)| 
axial paroBoluraa (^I «id tewrdorod pits 
OB msaol valla la lateral view (uDlaballod 
arrowa)«at.4-'50)(. 
C m A tengtoUal Icngitodiaal toetian l^Oving 
rajTf (a) and vosfols (mlatellod arrow) 
^ at iiD X* 
d • A radial langitudiaal aootioQ showing 
hoaogoaoof raysy at 110 x* 
PLATE X IX 
PhotMlerographt af wood saig|»l«t Q€ J^ JMlftllllA (tannie 
aeld*F«rrie ehIori4» pr*p«raU(«it)« 
k m k tranMotiQn shoving fib««f (lb) end 
«xUl pAMBOIunM (4P}| at 110 X* 
S « A taBftnUal longitodiiMd MeUoii showiag 
vatMl* witti I»9ar4«r«d pito, at 430 x, 
C • i tnmitlal l«Bgittidlfuil aaetlOB idiovliif 
rajrt (a)^ at uo x» 
d • A mdial iQQglttidlaal laeticB tbowiftg 
nyt {a) with pw999mtmt and i^ri^t 




PhotOBierographt of terk MspUt of fi^ ftitoinaft 
shoving phloie eQBip«i«iitt In trafinMoUanml vlttr 
(I»aoiioid pr«p«ratlont}| at 430 x* 
A»B • Slioifisf eaidtteUag (CF) and Qan e^ofidQetiiig 
(XC?)| eoa^mion tcU <CC), • ! •? • tiibtt (iaT)f 
f l te t i (lb). 
C«8 • Nan*cor.duetlAg plilOMi alioirliig •!••• talMt (at) w i ^ iMAvr o*Uot« pft4s (CiUt) (la c) 
anil oaUtofaUsg onai (ml&ballad arrowa) 
( l a Q ) • 
P L A T E X X I 
pfpuF^timn) at 4dD x« 
filif*! (fb)« axial C^ tF) md ftf pta^m^sywm (BF) with dariE contents* 
vitti tHiek ailloaa iMida (wUliaUai M^cnra), 
d Son^afladsetlnf pbloan attowiiis eoi^lf^taljr 
erwhad aiafa tubas (mlalMiXlad arrow) 
filMfaf (lt>)t ray (IF) and axial paraaelqmi 
Ptioto»ierogr«pht of th« b&rk umpl^B of 1» jJttHsdaBf^  
•hoviag tho dlffortnt phlole eoiq?<xiflRts In triosoctlaiftl 
Yiov ( {iMBOid propuraUc»t)i «t 430 JE» 
4 • CoQdoetMg phlotB thowliig BUm tudot (ST), 
eonaniOD oolls (CC)^ tiTtlalt of «aloiiai 
oxal«to (uolAbtU^d arrov), fibrot (Fb)« 
ray (iiP) and aidlal i^ ranatiyBa (AP)* 
B • Socwoonduetlng phlota shying slava tnbat 
(37) vlth fhitk (mlabtUad arrov ) aallota 
pads and fibraa (Fb). 
0-0 A part of Qoa^eoddootiag B!U.oa& shoidag 
eoqpletaly eraabad aiava \u^9 (isilabaUad 
arrova), flbraa (lb)* ray (BF) and axial 
paranabyBa (i^). 
PLATE X X I I I 
FLAf£ XJUV 
FiiotWiierogTAi^ f of emdueticg aad nss^condttetlag 
phlotB of ^« aityjani In tasgenUal ( i ^ ) md 
trttBMetlanal viovs (D) (LMSOld proparaticns) at 
X10X (i^ a & i»« at 430 X (C)« 
A • CoDduoUng phlots with tioTt lutes 
arrmsod o&d to tad* 
B • lloiweafidaetliig ptilotn vith tHe eosplota 
abMAoo of tioYO tmtet* 
C « Koo-eoAduotiat phlooa thonliig erjatalll* 
forous <ca) paroBohjrBa* 
Q m Oulor iMtvli ibOMiiig grMtpi of seloroidt 
P L A T E X X I V 
FLATS Wf 
Fttotoaievograplit of tangftntiaX loagitudlQal MeUoas 
pasting tbroi^ th« region of oondaetiag and nm* 
oondufiUog ^OM of ^ tUtlJinir (l*aoaold proparftUans) 
at 130K (A) and at 433 X ( 94) ) , 
• • paf t of Qoa«»00Qdti8tiat pbloon choiring 
erfstalliforout eollt (mlabollod arroira)* 
• A viator phlooti ahoving aiovo oXo&aats 
vith obli<|ii» ODd valit haHiig oompoand aiovo 
platot (unlabollod arrovs) vith full oalloso 
doposltlOD and a row of oosipaoion eoUa (CO)* 
C.d • slov»»tiilM oloaMtf vith latorai alovo 
aroas (vnlaboUed arrova)* 
^ L A T E X X V 
9uau un 
Fhotwitrograplia ot phXotB of ^ nflnlilg thovlag tetallt 
i s radial (A«il), tKifMiUa longitiidiiial (CyO) (Uosoid 
pfpKtmtimn) f A A O at UO x «id B ft C at 430 x« 
A»B • Shoving hoBOgtDoui ra]r>« 
C*d • lfQa»ooiidii8ting ^ o a a Wfovo omshiiig, 
Shoving aiOTaoolMiMitf vith obliqtat and 
valla having oonpottid tiavo pl&taa (uilalMiUad arrov ) vilh dapoaitiona* 
'*; 4 • f 
PLATE XXVI 
PliotOBidroiraplit of tangential loagittidiiial Mettont 
&t Mem^sitf p&lOMi of £^  fitapinaa ( jUa^oid proj^ttratioit) 
at 430 X* 
A • Bhmm a oonp^cd sioi^ flat* in tiarfaea 
vi«ii < mlabaliod arrow )• 
B m Shovs smpmkm eoils (CC) aasoelatoA to 
a tioTo-tubo eoBlMir* 
6 • Shovs a e^ ipoimd aiovo plato oa m ^iliquo 
and valla (mlabaUad arrow) wd lateral 
•iovo areas (Sn) m lateral wall* 
P • Shovs siovo»tyte aeabMPs wil& al«OBt 
transvorso sad vails ( arrow )• 
g • Shows siofo*tiiho BHihsrs of wi&tor phloo» 
havlag long obliqoo and vails with eo^isid 
' siova olatos im lateral Tlev (oBlahelltA 
arrows) vith full oallose d^ositiois* 
P L A T E X X V I 
fhhtu unn 
Photoftierograpti of tangeatial longlludinal seetlon 
of b«rlc fMsplot of ^ tjBBtali < i««OiOldi proparations) 
at 430 x« 
A • SHoira obliqiw 0114 vail la lateral vlav (liftlabtllod arrovt) with btafy oallOM 
tepotitiana* 
B • aiiowt •biiqtit and wall with ooopomd aiavt 
plate (mlatellad arrow) and a row of 
eoapanioii eolla aaaoeiated to tha aiavo. 
tttte wtml»T0 
C • 4 tiava alasant ahowiag lateral aia?a 
araaa (mlaballaa arrow)* 
D • Shows anlargad Tiaw of a, <»OBDonid aioYa 
plate (ualaballad arrow)'^lll^il^<l la a 
aealarifofB aaanar* 
A ^ ^ 
Photoai«rogr»pht of oaabijd pftpardUonfl of £• fi^innif 
in traAMotionftl viov at 430 K» 
k • Ha*Mtoxylliwoafra&ln propavaUan • 
BmQ m 7«mie aold-lorrie ehlorldt proparatlont* 
Shows dormant easibiiia iCZ) vith prtTloiia fir jqrloa baloir and phlots abova (March 
CoUaoUoB)* 
a • A aai^la of aarl/ July shoving swslling 
of aaabial Initials (C2) hafara eaU 
I divisicn* 
C*D • Salvias of Asgnst and SaptMibar iriiowint 
a t^ ftAtial inoraasa in aall layars of 
I aanbiai sona (C }^» 
P L A T E X X I X 
ColUotiofit ) 
OolleQUon. 
P L A T E X X X 
fkMM MM 
4 « ii d«ni«it ottt^w ici) with pmwimm y««r*t 




P L A T E X X X ( 
FXi4fS UUl 
Photonltrofraplit of £^  ttitginoa dotting owbitti tfith 
EfUm (OX) below wcul j^lblowt (Of) abov« ( Jaatturir and ^obrtiary CoUoetloat), 
I 4 lat* July taaplo thovlag ooU dlTition 
ia oaabUl. sai«| old i^ooa (W) m4 4U 
lylOK (OX)* 
im oarl? Augvst CollotUcn ihoifinf wUmfag 
of oanbial SOBO afWr ooU dlvisioao J«tt 
btforo now igrlon and phlOM produeUaa* 
P L A T E X X X I I 
PUfE UXlll 
Fhotoalerographt of £» immhQlmiuL in transeeticNial vitv 
•hovlns eftBbial SQM vlth •aseular dtrlvativtt at 110 JC* 
(LaoBOld prapfirations)• 
• Shows A donaot easbitai of Jaauarjr witli 
old xjrloa (OX) telov and old phlooa (Of) 
abovo* 
3 • l*ato May ColleeUoQ showiiic swollda eaalilal 
initials with old zjrlaffi (OX) and old phlooa (OP). 
4 oaoplo of oarly Jvno ^owlac broad oaahial 
80B0 eouplod with old xflm (OX) bolow and 
old phloeia iOh) abOTt. 
A Soptoabor saaplo showing eurrvit fmr jcjrloa (KX) aad old phloes (OF). 
P L A T E X X X i l l 
FUfS XXJtXV 
Fbotoalorogimptit of £• ft^teini^ aliovlaf prodnotioa of 
iMv xyX%m la iMUMetioQAl vlov ( htumniA i^rtparations ) 
i^d • £»rly Attfttst CoUootiflot i^owlni ^M 
fiNnMlioft of aov xrlos (orromi si A 
81 la a), oU j^ioM COT) Md old 
xarlos (Ol), 
QmQ £»l»oirlaf Bovly fofwA ijrXoa (HX). 
P L A T E X X X I V 
ib»a • liftit Angissl audi d^lMili»r Cdll««iiQiic 
a«ifly pr^»e«i igpl^ s (iX| IMIIOW and 
Old flilMtt car) «liov»« 
C»p • 9«toli«p tad lNi««alitr Cail«9tlo&t 
4^owliii iM«lar tQTm4 My%9m ( I D Wlm 
P L A T E X X X V 
FhotOBi#rog?«plii of Msbial pi«parftticins of j | . nftnttti 
vith LftiBOid sUla sbotflBf fonMtlon of igrloa IB 
tronaoetioiial vlov %% 130 x* 
3 
C*P 
A July Colloetlofi iftimtiat Aoraiiit e«ibi«i 
vltb ol4 sarUa (OX) i^lov aod old piiloos 
aoptoal^f Colloetioii abowliif nov xjrloa 
Abofv am old xyltft (OX) and old skLomt 
Oeto^r Collttotlcot thovlisi tooftd eosblal 
soiiot vi«Ei Qoif sgrloa (^ )^ md old plilooa (OF)* 
P L A T E X X X V I 
\ PLATE XXXVII 
Photomicrographs of E. maeulata with 'Lacmoid' stain 
showing formation of new xylem (NX) and phloem (NP) 
at 430 z» 
iUB 
CD 
Showing active cambium with new xylem 
and old phloem (OP) with callose deposited 
( unlabelled arrow ), sieve tubes. 
November and December collections showing 
new xylem (NX) and new phloem (NP). 
P L A T E X X X V I I 
i i ^ 
At 490 z« 
&i C 1^  l> « lift^Bold |»Nnpat»%iQet 
a 
• vinous old ^lM« {^) 9M mw xylMm (XI> 
( detoter ColJyteUoii ) • 
CffP) cad tiM Iwgl^lag of O « U O M 
dopotition OD ^ Jl«lNir«l vftUo of eufroat 
yoftrU ^looB (OBlftboUod orreirt)* 
P L A T E X X X V I I 
